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Abstract
Whole-body vibration training (WBV) may improve balance and strength in older adults. 
This study investigated the effects of WBV on the balance, lower body strength, balance 
confidence and quality of life in community-dwelling older adults. Participants (N = 23; 
77 ± 7.8 years) were randomized into a WBV group or control group. The WBV group 
performed eight weeks of WBV; four weeks of standing followed by four weeks of 
dynamic squats. Control group participants maintained their current lifestyles. Postural 
control, the Sit-to-Stand test, the Berg Balance Scale, the Activities-specific Balance 
Confidence Scale and the Medical Outcome Survey Short-Form 36 were tested at 
baseline and post-intervention. Analyses revealed that WBV did not affect the postural 
control, quality of life or balance confidence of the WBV group. However, the WBV 
group improved on functional balance and lower body strength measures. WBV may be 
an effective method for improving muscle performance in older adults. Future research 
is warranted on WBV for low functioning older adults.
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Introduction and Literature Review
Falls among older adults are a common occurrence, as 30% of seniors 65 years of 
age and older fall at least once per year (Gillespie et al., 2009; Liu -  Ambrose, Khan, Eng, 
Lord, & McKay, 2004). Further, the incidence of injuries and deaths due to falls 
continues to rise (Liu -  Ambrose et al., 2004). Fall risks increase due to age-related 
physiological changes such as sarcopenia, decreased balance, and a loss of motor 
control. Moreover, psychological issues such as fear of falling may magnify the risk of a 
fall (Shumway -  Cook & Woollacott, 2001). Older adults with a fear of falling tend to 
restrict their activities, leading to further declines in functional mobility, balance and 
social life; all of which contribute to a lowered quality of life (Myers, Fletcher, Myers & 
Sherk, 1998). Physical activity interventions have shown to improve balance and 
strength, as well as balance confidence and quality of life (Binda, Culham & Brouwer, 
2003; Elavsky et al., 2005; Liu-Ambrose, et al., 2004). However, many older adults are 
unable or unwilling to participate in regular physical activity. A new method of balance 
and strength training that shows promise is whole body vibration (WBV) training.
Multiple studies have shown support for WBV training exposure as an exercise 
intervention for older adults (Bautmans, Van Hees, Lemper & Mets, 2005; Bogaerts, 
Verschueren, Delecluse, Claessens, & Boonen, 2007; Bruyere et al., 2005). Several 
benefits of WBV interventions include a decrease in training time and physical exertion 
than a traditional exercise program; yet WBV potentially displays similar, even superior, 
results. WBV training typically involves participants standing or performing body weight 
exercises on a vibratory platform that generates vertical oscillations through the point of
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contact, which is primarily at the feet. Vibration machines are set at a particular 
frequency (15 -  60 Hz) and amplitude (1 -  10 mm), which stimulate a neuromuscular 
response that is believed to lead to results such as improvements in lower limb strength 
(Delecluse, Roelants & Verschueren, 2003; Rees, Murphy, & Watsford, 2007; Roelants, 
Delecluse & Verschueren, 2004).
Background and Significance
What is Postural Control?
Without proper postural control, humans would be unable to perform 
essential daily activities such as walking or sitting (Shumway-Cook & Woollacott,
2001). Postural control is defined as "...controlling the body's position in space 
for the dual purposes of stability and orientation." (Shumway-Cook & Woollacott,
2001, p. 164). To maintain postural control and not lose balance, the centre of 
mass must be within the base of support (Kerr, 2010), which is the area of the 
body in contact with the support surface (typically the feet). Postural control is 
the complex integration and coordination of the sensory system, motor system 
and central nervous system (CNS; Widmaier, Raff & Strang, 2004). In order to 
maintain postural control, the CNS needs to know when and how to apply 
muscular forces to restore stability, and also to be aware of the orientation of the 
body (Widmaier et al., 2004). This information is retrieved for the CNS by the 
sensory system. The sensory system includes the visual, somatosensory 
(proprioceptive, cutaneous and joint receptors) and vestibular systems. Through
these systems, the CNS identifies the orientation of the body in terms of gravity 
and the environment (Shumway-Cook & Woollacott, 2001). Information from the 
visual, somatosensory and vestibular systems is then sent to the brain, where it is 
integrated and interpreted to maintain postural control (Shumway-Cook & 
Woollacott, 2001). During quiet stance, for example standing still with arms 
relaxed by the sides, all three sensory systems are attuned to maintain postural 
control in a healthy adult. When balance is perturbed by sudden unexpected 
movements, for example standing on a bus while it is in motion, the sensory 
system will use strategies to organize the balance information for proper postural 
control (Woollacott, 2007).
The Effects of Age on Postural Control
When maintaining postural control the body utilizes the most 
appropriate sensory system depending on task, age, and the surrounding 
environment (Shumway-Cook & Woollacott 2001). The ability to organize sensory 
information effectively and to maintain balance control is essential to daily living 
for the older adult (Lin & Woollacott, 2005). For instance, balance is required for 
functional movements such as dressing oneself and getting out of the bath. 
However, it has been established that balance deteriorates with increasing age, 
potentially putting one at risk for a fall (Tinetti, 1986). One of the reasons for this 
may be sensory system dysfunction (Shumway-Cook & Woollacott 2001). The 
sensory strategies of older adults may be damaged, leading to multisensory 
(visual, vestibular, somatosensory) deficits with increasing age (Woollacott,
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2007). This can create a latency in response to balance challenges, resulting in a 
higher fall risk (Shumway-Cook & Woollacott, 2001). The sensory losses 
associated with the decline of the somatosensory, visual and vestibular systems 
are strongly related to increases in body sway and loss of balance, both of which 
are common risk factors for falls (Serrador, Lipsitz, Gopalakrishnan, Black & 
Wood, 2009; Teasdale, Lajoie, Bard, Fleury & Courtemanche, 1993).
According to Shumway-Cook and Woollacott (2001), the somatosensory 
system becomes impaired with age, leading to diminished sensitivity to 
proprioception such as fine touch, pressure and vibration. For example, it was 
found that a lack of vibration detection on the skin was indicative of 
somatosensory dysfunction (Lin & Woollacott, 2005). This can place older adults 
at a higher risk of a fall (Lin & Woollacott, 2005).
The visual and vestibular systems may also decline in function with 
increasing age. There is evidence of a 40% decrease in vestibular hair and nerve 
cells by age 70 (Rosenhall & Rubin, 1975). The visual system may lose 
effectiveness in older adults, as there is less light transmitted to the retina, 
decreased acuity and decreased contrast sensitivity, all of which contribute in 
impaired vision (Berk, 2008). Brooke-Wavell, Perrett, Howarth & Haslam (2002) 
found that when removing the visual field, the body sway of older women aged 
65-75 years significantly increased, indicating the importance and reliance on the
visual system for postural control.
Balance Confidence and Fear of Falling
Fall risk factors may not be strictly physiological in nature. The 
psychological trauma of a fall, such as post-fall syndrome (Murphy & Isaacs,
1982), is strongly related to declines in balance and mobility (Liu-Ambrose et al., 
2006) and health-related quality of life (Suzuki, Ohyama, Yamada & Kanamori, 
2002). These functional declines are typically self-imposed rather than due to 
injury, as older adults with a fear of falling tend to restrict their activities (Powell 
& Myers, 1995). Powell & Myers (1995) refer to this phenomenon as a loss of 
balance confidence, or a fear of falling. Balance confidence is an older adult's 
self-efficacy in their ability to maintain balance in everyday situations, such as 
walking up stairs or standing on a chair to reach for an object. Self-efficacy, based 
on Bandura's theory (Bandura, 1977), is the perceived capability or self- 
confidence a person has to perform an activity. Balance confidence plays a 
significant role in an older adult's perceived capability of their balance control, as 
a low balance confidence in both fallers and non-fallers can be predictive of 
future balance and mobility impairments, as well as future fall risks (Blanchard, 
Myers & Pearce, 2007). In fact, approximately 30% of non-fallers report a fear of 
falling; this doubles to nearly 60% once a fall occurs (Tinetti et al., 1994). 
Furthermore, a high perceived risk of falling is related to depressive symptoms, 
neuroticism and decreased executive function (Delbaere, Close, Brodaty, Sachdev
& Lord, 2010). Delbaere et al. (2010) found that individuals with a low perceived
risk of falls continued to exercise and held a positive outlook out on life, both of 
which acted as a protective factor for falling.
Balance training programs have been shown to increase an older adult's 
balance confidence (Myers et al., 1998), especially for those residing in a 
community setting (Zijlstra et al., 2007). In a study investigating the effects of a 
Tai Chi program on the fear of falling, Taggart (2002) found that after 3 months 
of Tai Chi sessions, performed twice weekly, balance and mobility increased, and 
fear of falling decreased compared to a control group. In addition, physical 
activity programs such as resistance training have also improved balance 
confidence (Liu-Ambrose et al., 2004).
Balance Exercise Programs for Older Adults
Psychological and physiological factors may significantly increase the 
probability of a fall, and both should be considered when designing a falls 
prevention program (Delbaere et al., 2010). Although age-related effects on 
balance can be detrimental to quality of life, there is evidence that exercise can 
retrain balance and prevent falls (Tinetti & Kumar, 2010). In fact, regular exercise 
may decrease fall risk from 54 down to 41% (Delbaere et al., 2010). The optimal 
balance exercise prescription, however, remains unknown (Shumway-Cook & 
Woollacott, 2001), despite the fact that it is the single most studied factor in the 
falls prevention literature (Tinetti & Kumar, 2010). Evidence suggests that a
combination of cardiovascular, muscle strengthening and balance exercises may
improve balance (Shumway-Cook & Woollacott, 2001). Evidence from a 
systematic review and meta-analysis demonstrated that exercise -  with the 
exception of cardiovascular exercise - decreased fall risk by 17% (Sherrington et 
al., 2008). It was stated that cardiovascular endurance exercise, such as a walking 
program, does not improve balance. Sherrington et al. (2008) postulated that this 
finding may be due to the exposure of additional fall risks. Another suggestion 
was that perhaps muscle strengthening and balance training are more related to 
everyday activities that require balance. This is further supported by several 
studies that found both strengthening and balance training improved balance 
(Bird, Hill, Ball & Williams, 2009; Lord et al., 2005). In their crossover study, Bird 
et al. (2009) investigated the effects of flexibility versus strength training on 
balance. Sedentary older adults (N = 32, ~ 67 years) were allocated into two 
groups -  resistance or flexibility. Training sessions were 4 months in duration, 
and participants exercised three times per week. Resistance training sessions 
included functional exercises such as push-ups, lunges and step-ups. The authors 
followed the overload principle such that resistance was progressively increased 
when the three sets became too easy. In order for muscular adaptation to occur, 
a progressive overload principle should be implemented (American College of 
Sports Medicine (ACSM), 2010). Flexibility sessions included two stretches per 
major muscle group, equating to 16-20 stretches in total. Bird et al. (2009) found 
that balance improved in both groups. Strength gains, however, were only
observed in the resistance training group.
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Similar findings were reported by Islam et al. (2004), where the efficacy 
of a balance training program was evaluated. Participants (N = 29 ~76 years) 
were randomly assigned to either a training or control group. The training was 
comprised of a supervised 12-week balance and strengthening program.
Exercises were performed twice per week and included tandem stance and body 
weight exercises. The control group was instructed to maintain their current 
lifestyles. Significant improvements in balance and lower body strength were 
found for the training group compared to the control group. Both static balance, 
as measured by standing on one leg with eyes closed, as well as lower body 
strength, improved by 82% and 20% respectively. There were no changes 
reported for the control group. The authors concluded that balance and strength 
training may reverse age-related declines in balance.
Muscular strength decreases with age, as 15% is lost between the ages 
of 60 to 70 years. This doubles to 30% loss after 80 years of age (ACSM, 2010). 
This is due to the condition sarcopenia, where muscle tissue decreases in size and 
is replaced with connective tissue and fat cells (Shumway-Cook & Woollacott, 
2001). Sarcopenia can lead to a decrease in function and daily activities, and even 
a loss of independence (ACSM, 2010). When strength falls below the force 
threshold needed for an activity of daily living, this can lead to frailty and 
functional disability (Shumway-Cook & Woollacott, 2001). It has also been noted 
that there is a greater loss of strength in the lower body than the upper body 
(ACSM, 2010). This can have major detriments on the daily living of an older
adult, as muscle weakness in the lower body affects daily activities such as 
standing, walking and sit-to-stand positions (Seguin & Nelson, 2003). There is 
much support that lower body strength plays a large role in preventing falls in 
older adults (Robsinson, Gordon, Wallentine & Visio, 2004; Sousa & Sampaio, 
2005).
Decreased strength has shown to be significantly correlated to poor 
results on clinical balance measures such as the Dynamic Gait Index, Berg Balance 
Scale and the Self-Perceived Balance Test (Shumway-Cook & Woollacott, 2001). 
The role of strength in preventing falls was demonstrated in a study by Daubney 
& Culham (1999), where the authors investigated the degree to which strength 
contributes to postural control. Community-dwelling older adults (N = 50) 
averaging 75 years of age were measured using the Berg Balance Scale, the 
Functional Reach Test and the Timed Get Up and Go test. The authors found that 
58% of the Berg Balance Scale score could be explained by lower body strength. 
Similarly, lower body strength played a role in postural control for the Functional 
Reach Test and Timed Get Up and Go test, as 13% and 48.4% of the results were 
due to strength, respectively.
Although there is evidence that balance and muscle strengthening 
exercises improve balance control and decrease fall risk in older adults, the exact 
exercise prescription is still unclear (Lord et al., 2005). In addition, there exists 
much variation between study designs (Shumway-Cook & Woollacott, 2001),
making it difficult to prescribe an efficient and effective balance training 
program.
Whole-Body Vibration Training
A relatively new method of effective and efficient muscle strengthening 
and balance training is whole-body vibration (WBV) training. Vibration as an 
exercise modality has gained much interest, and the WBV training literature 
regarding vibration exercise has expanded over the past decade (Lau, Teo, Yu, 
Chung & Pang, 2011). WBV training typically consists of standing or exercising on 
a vibrating plate for single or multiple sessions. Vibrations are transmitted 
through the lower body from the point of contact, which is normally at the feet. 
There are two types of vibration platforms typically used in research; vibratory 
platforms that oscillate vertically or pivot from left to right, like a teeter-totter.
The Tonic Vibration Reflex
It is theorized that improvements in postural control and lower body 
strength from vibration exercise is due to a reflexive muscle contraction created 
by vibration (Carlucci, Mazza & Cappozzo, 2010). This contraction is referred to as 
the tonic vibration reflex (TVR) (Eklund & Hagbarth, 1966). Sensory receptors, 
such as the muscle spindle, are stimulated by the vibration (Shumway-Cook & 
Woollacott, 2001), which activate motor neurons (Cardinale & Bosco, 2003). As a 
result, the muscle contracts (Cardinale & Bosco, 2003). In fact,
electromyographic (EMG) readings of muscle activity during WBV training are
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reportedly greater in comparison to performing the same exercise without 
vibration (Hazell et al., 2007; Roelants et al., 2004a). For example, Hazell et al. 
(2007) reported an increase in EMG activity in the vastus lateralis muscle from 
3.7% to 8.7% when performing dynamic squat exercises on the vibration 
platform versus no vibration. Furthermore, Roelants et al. (2004a) reported 
increases of 92.5% - 301% in the quadriceps muscles compared to controls while 
performing squat exercises. The enhanced muscle activation from TVR is 
speculated to be the reason for increases in jump height and muscle strength 
after acute WBV training exposure (Bosco et al., 2000; Issurin et al., 2005; 
Roelants et al., 2004).
In addition to the TVR, the sensory system is stimulated by vibration 
(Lau et al., 2011). Somatosensory receptors, such as mechanoreceptors, play a 
role in postural control and are excited by vibration (Shumway-Cook & 
Woollacott, 2001). Bogaerts et al. (2007) speculate the postural control 
improvements from their 12-month WBV training study may have been due to 
somatosensory system stimulation. It is speculated that this increase in sensory 
input, as well as reflexive muscle activity, could translate into gains such as 
improved postural control and gait (Lau et al., 2011). According to Rees, Murphy 
&. Watsford (2008), the potential sensorimotor adaptation from WBV training is
an area in need of further research.
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WBV Training and Older Adults
WBV training has been ascribed as a safe and effective alternative to 
traditional exercise for older adults (Bissonnette, Weir, Leigh & Kenno, 2010; 
Carlucci et al., 2010; Rittweger, 2010). There is evidence that low to moderate 
intensity WBV training has improved postural control (Bogaerts et al., 2007; 
Bruyere et al., 2005; Rees et al., 2008) and lower body strength in older adults 
(Rees et al., 2007; Roelants et al., 2004). Muscle strengthening exercises are 
recommended to counter age-related declines in function and balance (Canadian 
Society for Exercise Physiology (CSEP), 2011). Loads of up to 70-90% on the 
muscle, however, must be attained to achieve gains (Bogaerts et al., 2007a). This 
can be too demanding for some older adults, especially residents in a long-term 
care facility (Bautmans et al., 2005). WBV training may be an appealing 
alternative to older adults, especially those who are disinterested or unable to 
participate in conventional exercise (von Stengler, Kemmler, Engelke & Kalendar, 
2010).
WBV Training Interventions -  Standing-only program designs
Several studies have reported neuromotor benefits of WBV training, 
such as improved muscular strength, balance and gait by standing with slightly 
flexed and relaxed knees on a pivoting vibration platform (Bruyere et al., 2005; 
Cheung et al., 2007; Runge, Rehfield & Resnicek, 2000). WBV training was 
reported to improve lower body strength by 18% in older adults living in a
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retirement community (Runge et al., 2000). In addition, WBV training improved 
balance control and gait in long-term care residents (Bruyere et al., 2005). 
Bruyere et al. found that Tinetti test scores, a clinical test to measure balance as 
well as mobility, improved significantly after six weeks compared to a physical 
therapy-only group. The Tinetti test is a performance-oriented test to identify 
limitations in mobility and gait (Tinetti, 1986). Aspects of the Tinetti test include 
balancing with eyes closed and one leg standing balance. Participants in the 
intervention group improved significantly by 3.5 out of 16 points on the Tinetti 
test. The balance score of the control group decreased by 0.3 points. These 
results coincide with other standing-only programs for inactive community­
dwelling older adults (Cheung et al., 2007).
The WBV Training Overload Principle
Although standing-only programs may be beneficial for some older 
adults, this may not be applicable for the active older adult due to factors such as 
boredom and insufficient exercise intensity. In addition, the overload principle 
was not incorporated in any of the standing-only WBV training programs. The 
only study to provide details of a WBV training overload principle is Roelants et 
al. (2004). The WBV training overload principle, according to Roelants et al. 
(2004), is the systematic increase of training volume over the training period. At 
the beginning of their WBV training protocol, Roelants et al. (2004) incorporated 
a low training volume and intensity. As the study progressed, the frequency and 
amplitude of the vibration were slowly increased, as well as the number of
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exercises and the length of training sessions. Additional exercises were 
implemented along with shortened rest times. A similar overload principle was 
employed in the present research when designing and implementing the WBV 
training protocol.
WBV Training Interventions -  Exercise Program Designs
The majority of the WBV training and older adult literature has included 
static and dynamic exercise protocols, specifically lower body strengthening 
exercises. Several studies that incorporated dynamic exercises in the protocol 
reported improvements in strength and/or balance (Bautmans et al., 2005; 
Bogaerts et al., 2007; Rees et al., 2008). For example, knee extension strength 
improved in post-menopausal women after 6 months of WBV training (Roelants 
et al., 2004). Knee extension strength was measured by a dynamometer at 1%, 
20%, 40% and 60% of maximum extension strength. The WBV group performed 
squat exercises on a vibration platform, whereas the control group performed 
total body exercises without the vibration stimulus.
In a longitudinal study, von Stengler et al. (2010) compared three 
groups: vibration, fitness control and control for 18 months (N = 151) to evaluate 
the effects of WBV training on an older adult population aged 65 -  76 years. The 
intervention and fitness control group performed the exact same exercise 
protocol of cardiovascular and total body strengthening exercises. The only 
difference between the two groups was that the vibration group performed
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exercises such as one-legged squats, heel raises and leg abductions with the 
vibration stimulus. The time spent exercising increased systematically at 3, 6 and 
12 months as per the overload principle. Although for both training groups there 
were minor effects on body composition, muscle strength and power increases 
tended to favour the intervention group. In addition, strength and power 
increases, as measured by countermovement jumps and trunk flexion, 
significantly improved in the intervention group compared to the control group.
Some WBV training studies did not find between group differences. Rees 
et al. (2007) found that after eight weeks, WBV training and the fitness control 
group achieved similar improvements in knee-extension strength and mobility 
tests, such as the Sit-to-Stand test, the Timed Up and Go test and the 5-metre 
fast walk test. In addition, Bogaerts et al. (2007a) reported that a WBV training 
program improved lower body strength compared to baseline tests in their one 
year randomized-control study (n = 97). Although both the fitness control and 
WBV training groups achieved similar results, the fitness group performed a 1.5 
hour program of cardiovascular, resistance training, balance and flexibility 
exercise. In comparison, the WBV training group exercised for only 40 minutes. 
The resistance training portion of the fitness control group consisted of a total 
body regimen, and included leg press and leg extension machines. The treatment 
program consisted of squat and lunge exercises on the vibration platform. 
Isometric knee strength was measured with a dynamometer and 
countermovement jumps. Leg strength improved significantly by 9.8% and 13.1%
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for the vibration and fitness groups respectively; explosive strength improved 
significantly by 10.9% and 9.8%.
In addition to strength, several studies report improved balance (Bogaerts 
et al., 2007; Bruyere et al., 2005; Rees et al., 2008) and gait (Bautmans et al., 
2005; Furness, Maschette, Lorenzen, Naughton & Williams, 2010) from static and 
dynamic WBV exercise programs. Rees et al. (2008) investigated the effect of 
WBV training on the balance of older adults and found that the WBV group 
improved compared to fitness and control groups. Men (n = 23) and women (n = 
20) with an average age of 73.5 years were randomized into WBV, exercise 
control or control groups. Both WBV and exercise control groups performed the 
same static and dynamic exercises, three times per week for 8 weeks. The only 
discrepancy between the training groups was the WBV performed the exercises 
while receiving vibration on a pivoting vibration plate. For the first half of the 
study, static exercises (standing with knees slightly bent) were performed. For 
the second half of the study, dynamic exercises such as squats and calf raises 
were performed. Postural control was evaluated with the one-legged postural 
steadiness test (OLPS) on a force plate. The OLPS is a measure of the centre of 
pressure while balancing on one foot. Although baseline postural control scores 
were slightly poorer for the WBV group, post-test postural control scores were 
superior to both control groups. Rees et al. (2008) concluded that WBV training 
can improve postural control in older adults, especially those with poor postural 
control. These improvements from WBV training may be due to sensorimotor
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stimulation (Bogaerts et al., 2007; Rees et al., 2008). However, it is still relatively 
unknown to what extent the sensory system is affected by WBV training.
In their 12-month WBV training longitudinal study, Bogaerts et al. (2007) 
investigated the effects of WBV training on postural control in older adults. Community­
dwelling older adults (N = 224) between the ages of 60 and 80 years were randomized 
into intervention, traditional exercise or control group. The WBV training intervention 
was performed three times per week for 40 minutes and consisted of lower body 
exercises such as squat and calf raises. The fitness group performed cardiovascular 
exercises at an intensity of 70-85% of heart rate reserve as well as resistance training 
and balance exercises three times per week for 1.5 hours. Weight training exercises for 
this group targeted the whole body. The fitness control group also performed flexibility 
and balance conditioning exercises such as standing on one leg. Programs for both 
groups incorporated the overload principle. Postural control was evaluated with the 
sensory organization test, which computes body sway and percentage of falls via 
computerized dynamic posturography. During the test, the effectiveness of the sensory 
system to maintain balance in sensory-challenged conditions, such as sway-referenced 
or normal support surfaces and visual surround are assessed. Specifically, sway- 
referenced refers to the support surface or visual surround that moves with the sway of 
the participant, therefore providing incorrect balance information to the visual, 
vestibular and somatosensory systems (Bogaerts et al., 2007). The sensory organization 
test conditions include: 1) normal vision and support surface, 2) eyes closed and normal 
support surface, 3) sway-referenced vision, normal support surface 4) normal vision,
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sway-referenced support surface 5) eyes closed, sway-referenced support surface and 6) 
sway-referenced vision and support surface. At post-intervention measures, Bogaerts et 
al. (2007) found the number of falls during the sensory organization test had significantly 
decreased for both the WBV training and fitness groups.
Bogaerts et al. may be one of the first to investigate the potential sensory- 
specific effects of long-term WBV training on the postural control of older adults. In 
addition to the sensory organization test, anterior-posterior sway and a motor control 
test were evaluated at baseline and post-test. Bogaerts et al. (2007) reported similar 
postural control improvements for the WBV group and the fitness group in the eyes- 
closed plus unstable support surface condition. Moreover, the WBV group experienced 
fewer falls compared to controls for sway in the anterior direction, whereas the fitness 
group did not experience this phenomenon. Bogaerts et al. (2007) commented that WBV 
training is an efficient method of balance training for older adults.
Although the sensory organization test is a valuable tool to predict fall risk 
(Buatois, Gueguen, Gauchaud, Benetos & Perrin, 2006), static posturography may be a 
better prediction tool for future fall risk (Maki, Holliday & Topper, 1994; Piirtola & Era, 
2006). In addition, Bogaerts et al. (2007) point out the sensory organization test does 
not detect subtle changes in balance (Gustafson, Noaksoon, Kronhed, Moller & Moller, 
2000), nor does it provide specific sensory information. Moreover, Bogaerts et al. (2007) 
mentioned that they did not measure sway in the mediolateral direction, which is known
predict future falls (Piirtola & Era, 2006).
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While the body of literature on WBV training continues to grow, there is a 
need for more evidence to prove that WBV training decreases sway and fall risk 
(Rittweger, 2010). Many studies use outcome measures that lack sufficient 
validity and reliability (Merriman & Jackson, 2009), and there is great variation 
between WBV training protocols (von Stengler et al., 2010). Moreover, it has not 
yet been quantified whether neuromotor improvements from WBV training 
translate to increases in perceived balance capabilities, such as balance 
confidence - both of which are important to wellbeing (Powell & Myers, 1995). 
There is a need for a basic, safe and effective WBV training program -  proven to 
result in functional and neuromotor improvement -  that is applicable and 
appealing to community-dwelling older adults.
Purpose
The present study followed a parallel randomized design to determine 
whether eight weeks of WBV training at three sessions per week would improve 
balance in community-dwelling older adults. The purpose of this study was to 
investigate whether WBV training improves postural control, lower body 
strength, health-related quality of life and balance confidence. The following 
research questions were addressed:
RQ1: Will there be an improvement in postural control, lower body 
strength, balance confidence, health-related quality of life in community-dwelling 
older adults from baseline (Time 1) after eight weeks of WBV training (Time 2)?
2 0
RQ2: Does eight weeks of WBV training improve postural control, lower 
body strength, balance confidence, health-related quality of life in community­





Sixty-five years of age was selected as the minimum age for participation as this 
is the average age in most studies of WBV and older adults (Roelants, Delecluse & 
Verschueren, 2004). All participants were free of contraindications to exercise according 
to the WAVE (WAVE, 2009) criteria and the ACSM (2010). The exclusion criteria included 
the following: acute mental status or delirium, cerebral haemorrhage within the past 3 
months, eye surgery within the past 6 weeks, a fractured bone in healing stages, 
bleeding haemorrhoids, acute illness or change in symptoms, retinopathy, systemic 
infection, blood pressure higher than 160/100 that was not controlled by medication, 
uncontrolled diabetes, epilepsy, gallstones, kidney stones, acute inflammations, joint 
problems, serious cardiovascular diseases, joint implants, recent thrombosis, back 
problems such as hernias or tumours, recent operative wounds, intense migraines, 
permanent bed-bound status, severe cognitive impairment or behavioural disturbance, 
unstable abdominal, thoracic, or cerebral aneurysm, untreated severe aortic stenosis, 
wheelchair use, assistance with walking in a room, transfers, dressing or eating.
In addition to the above contraindications, eligible participants must not 
have been exercising regularly at a vigorous intensity (Bogaerts et al., 2007;
Machado et al., 2010). This was incorporated to ensure that participants were 
untrained and was verified with the Rapid Assessment of Physical Activity Scale
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(RAPA; Topolski et al., 2006). The RAPA is a validated tool used to measure 
physical activity level in adults older than 50 years of age (Topolski et al., 2006).
The RAPA evaluates physical activity level in two categories -  Aerobic and 
Strength/Flexibility activity. Participants rated their aerobic activity level on a 
scale from 1 (rarely or never do any physical activity) to 7 (>20 minutes of 
vigorous activity, 3 days or more per week). A score of 7 for the Aerobic category 
was set as the exclusion criteria. The Strength/Flexibility category was scored as 
0 (no activity) to 3 (performs both strength and flexibility exercises once per 
week or more). Further information regarding the survey can be found in 
Appendix A.
Recruitment
Sample size was calculated based on previous data from a vibration and balance 
study with older adults (Rees et al., 2008). The a-level was set at .05 and power was 
determined as .80. It was calculated that 16 participants were needed for each group, 
equalling a total of 32 study participants. This study was approved by the University of 
Western Ontario Health Sciences Research Ethics Board (Appendix B).
From January 2010 to August 2010, participants were recruited by contacting 
community organizations such as the Cherryhill VON Healthy Ageing Program, church 
organizations and senior community centres in the London area. Posters were displayed 
in high traffic areas at the community centres (Appendix C). Some participants were also
recruited by word-of-mouth.
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Fifty-one people contacted the investigator to volunteer for the study. Out of the 
51 potential participants, 10 were not eligible due to study exclusion criteria, eight did 
not return phone calls, eight were not interested, and one passed away shortly after 
initial contact from the investigator. Due to time constraints, however, only 24 
participants were recruited. Participants were randomized to either intervention group 
(IG) or the control group (CG) using a random number generator (Microsoft Excel, 2007). 
The allocation ratio was 1:1,  therefore 12 participants were enrolled in the IG and 12 in 
the CG. One CG participant was lost-to-follow-up due to disinterest in participation. This 
participant had completed Time 1 measures, but they dropped out of the study prior to 
completing measures at Time 2 and thus was removed from the study. Therefore, there 




Démographie information of Intervention Group (IG) and Control Group (CG) 
groups
Parameter CG (n = 11) IG (n =12)
Age (years) 78.2 ± 8.3 76.017.5
Sex Female: n = 11 Female: n = 8 
Male: n = 4
Height (cm) 158.9 ± 10.1 162.818.7




RAPA3 Aerobic: 5.4 ± 1.0 Aerobic: 4.5
Strength and
11.4
Flexibility: 2.1 ± 1.7 Strength and 
Flexibility: 0.5 
i  1.0
Note. Values are presented as mean ± standard deviations.
3 Rapid Assessment of Physical Activity (RAPA): Aerobic Fitness Score -1 =  Sedentary; 2= Under-active; 3= Under-active 




A force plate (Kistler Force Plate Platform, Model 9278B) was used to 
quantify sway as a measure of static balance. A force plate measures the ground 
reaction forces and position of the centre of pressure (COP) of each test 
participant. Force plates are frequently used to measure static balance as they
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are highly sensitive and accurate (Crilly, Willems, Trenholm, Hayes & 
Delaquerriere-Richardson, 1989; Piirtola & Era, 2006). Data from the force plate 
was collected for 60 seconds per trial at a 100 samples per second (Carlucci et al., 
2010). The data was then filtered with a fourth-order Butterworth filter at a cut­
off frequency of 4Hz (McClenaghan et al., 1996). The force plate analog signals 
were amplified via a separate 8-channel charged amplifier (type 9865C) and 
converted from analog to digital through a 16-bit analog/digital card (National 
Instruments). A computer program (LabView; National Instruments) was 
customized to collect force plate data. The parameters for centre of pressure 
collected were : mean mediolateral centre of pressure (mm), mean 
anterioposterior centre of pressure (mm), mediolateral variability (mm), 
anterioposterior variability (mm), mediolateral sway range (mm), 
anterioposterior sway range (mm), sway velocity (mm/s), and radius enclosing 
90% (m). See Appendix D for the descriptions and formulas of the summary 
measures.
Static posturography with eight sensory-challenged conditions was used 
as a measure of postural control. Quantifying postural control using a force plate 
and altered sensory conditions has been found to be both valid and reliable 
(Piirtola 8tEra, 2006; Woollacott, 2007), and may predict future falls in subjects 
with no apparent balance problems or fall history (Pajala et al., 2008).
For each of the eight sensory balance conditions, participants stood
upright on a force plate. The balance conditions exemplified each sensory system
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and the ability of the participant to organize sensory strategies. The visual input 
was altered by having participants close their eyes (Prieto, Myklebust, Hoffmann, 
Lovett & Myklebust, 1996). By removing visual input, the visual system could not 
provide cues for balance control, forcing the CNS to adapt and give weight to 
more appropriate sensory input (Shumway-Cook & Woollacott, 2001). The 
somatosensory input was altered by standing on a two-inch piece of foam on the 
force plate (Low Choy, Brauer, & Netz, 2003; Rittweger, 2010); and vestibular 
input was altered by extending the neck and focusing on a target, a 12 inch piece 
of dark tape (Simoneau, Leibowitz, Ulbrecht, Tyrrell & Cavanagh, 1992) on the 
ceiling. The eight trials are listed in Appendix E.
The altered sensory conditions on the force plate were randomized using 
a random number generator program (Microsoft Excel, 2007) for each 
participant at Time 1 and Time 2 to prevent order effects (Buatois et al., 2006). 
Base of support (the distance between the 5th metatarsals) was measured in 
centimetres once participants stood comfortably on the force plate for 
standardization between baseline and post-tests (Pajala et al., 2008). Participants 
were asked to remove footwear before standing on the force plate. Once on the 
force plate, each participant was instructed to stand upright and as still as 
possible. A 10 cm diameter circle was placed on a bulletin board situated 2 
metres from the participant, in their line of vision (Carpenter, Frank, Winter & 
Peysar, 2001). Once the participant and the force plate technician were ready to 
commence the trial, the participant was instructed on which balance condition
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they were to complete. Each condition lasted 30 seconds with a 2 minute break 
between conditions (LeClair & Riach, 1996). For safety two volunteers stood 
closely to participants as spotters. Participants could remain standing or sit in a 
chair during the breaks.
Functional Balance (Berg Balance Scale)
The Berg Balance Scale (BBS; Berg, Wood-Dauphinee, Williams & Gayton, 
1989) is a clinical measure of balance and mobility in older adults. It is frequently 
used in a medical setting to determine fall risk (Lajoie & Gallagher, 2004). 
Concurrent validity with the Tinetti test is .91 (Shumway et al., 1997), and inter­
rater reliability is also very good (0.96; Shumway et al., 1997). Participants were 
instructed to perform 14 different balance tasks and were scored based on their 
ability to successfully complete each task. Each task was rated out of 4 (0 -  
unable to perform the task; 4 -  completes task perfectly) by the investigator. 
Once all 14 tasks were completed, scores were summed and totalled out of a 
possible 56 points for each participant. A score of 0 -  20 indicates a high fall risk, 
21-40 points indicates a medium fall risk and 41-56 indicates a low fall risk. Lajoie 
et al. (2004) found that a cut-off score of 46 points or below can predict falls. A 
higher score on the BBS is associated with a decreased fall risk in older adults 
(Shumway et al., 1997). Additional information on the BBS can be found in
Appendix F.
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Lower Body Strength (Sit-to-Stand test)
The Sit-to-Stand (STS; Bohannon, 1995) is a simple, yet reliable tool (ICC = 
0.81; Schaubert & Bohannan, 2005) to measure lower extremity strength in older 
adults (Bohannon, 1995). It is also a sensitive and specific tool (Bohannon, 2009). 
Instruments required for the Sit-to-Stand included an armchair 40 cm in height 
and a stop watch. Participants were instructed to sit with their feet flat on the 
ground, arms at their sides, and to perform five sit-to-stands as quickly as 
possible. Time to perform the test was recorded in seconds.
Balance Confidence
Balance confidence was measured with the Activities-Specific Balance 
Confidence Scale (ABC; Powell & Myers, 1995). The ABC assesses an older adult's 
self-efficacy in their ability to maintain balance in everyday situations, such as 
walking up stairs or standing on a chair to reach for an object. The ABC has been 
shown to have very good internal consistency (Cronbach's a .95; Talley et al., 
2008) and convergent validity with the Physical Self-Efficacy Scale (r = .63; Powell 
& Myers, 1995). Participants were instructed to rate their balance confidence for 
each of 16 items on the ABC on a scale from 0% (no balance confidence) to 100% 
(excellent balance confidence). A score of 50% or less denotes low functional 
mobility (Myers et al., 1998), and a cut-off score of 67% may significantly predict 
fall risk (Lajoie et al., 2004). Further information can be found in Appendix F.
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Health-related Quality of Life
The Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36; 
Ware & Sherbourne, 1992) is a valid (discriminant validity .92; McHorney et al., 
1994) and reliable tool (Cronbach's a > .85; Brazier et al., 1992) administered to 
evaluate health-related quality of life (HRQOL; Brazier et al., 1992; McHorney et 
al., 1994). The 36-item survey appraises quality of life categories such as physical 
function, role limitations due to physical and emotional health, social function, 
bodily pain, general mental health, energy level and general health perceptions. 
Each of the categories was rated by the participant on a spectrum of poor health 
(0 points) to excellent health (100 points). Additional information on the SF-36 
can be found in Appendix F.
Procedures
Prior to commencing baseline testing (Time 1), the letter of information 
(Appendix G) was read by the participant. Each participant was asked by the 
investigator if they had any questions about the study and their participation. 
Afterwards the participants signed the consent form. Following the demographic 
questionnaire (Appendix H) and exclusion criteria checklist, participants 
completed the RAPA, SF-36 and ABC. Body weight and height were then 
recorded, followed by static balance. Lastly, STS test and BBS were completed. 
After Week 8 (Time 2), all participants were scheduled to return once more to 
the university for the following Time 2 measures: SF-36, ABC, STS, static balance
and BBS.
Control Group Protocol
The CG did not participate in the WBV intervention and were encouraged 
to maintain their current lifestyles. They were also asked to not commence a 
new exercise regime. CG participants were contacted at four weeks to schedule 
Time 2 measures when the eight week trial was completed. After baseline and 
post-tests were completed, they were invited to try the vibration training 
program.
Intervention Group Protocol
IG sessions were administered at the Victorian Order of Nurses (VON) 
Healthy Ageing Program located in Cherryhill Village Mall, London, Ontario 
Canada from April 2010 to August 2010. From September 2010 to November 
2010, the intervention took place at the University of Western Ontario Canadian 
Centre for Activity and Aging, London, Ontario Canada. The setting was an 
exercise room for both locations.
Prior to the launch of the study, the investigator was trained on the 
WAVE vibration training machine by WBV researchers. The WAVE is a vertically 
oscillating platform with frequency settings ranging from 20 -  50 Hz (Figure 1). 
Amplitude settings are from 2mm (low) or 4mm (high).
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Figure 1. An example of the a vertically oscillating whole-body 
vibration platform.
WBV participants attended three training sessions per week for eight 
weeks. An average of three training sessions per week has been found to be a 
typical protocol in past studies of WBV (Bogaerts et al., 2007; Rees et al., 2008; 
Runge et al., 2000) and eight weeks of training has demonstrated improvements
in strength and balance in community-dwelling older adults (Rees et al., 2008).
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Vibration exercise sessions were held on Mondays, Tuesdays and Fridays 
in the afternoon with at least 24 hours rest between each session. Six 
participants completed the 8-week program from April to June 2010, eight 
participants from June to August 2010, and the last ten from September to 
November 2010. Numbers were staggered from April to September due to 
recruitment difficulties, as well as equipment and facility availability.
Before each IG session, the investigator arrived 5 to 10 minutes early to 
prepare the WAVE and to ensure there were no debris or obstructions on or near 
the platform. Once IG participants arrived for the intervention, participants 
warmed up by walking around the exercise room. A 5 to 10 minute warm-up and 
5 to 10 minute cool down is recommended for the exercising older adult (ACSM, 
2010). After each vibration session, participants cooled down by sitting or 
walking for 5 to 10 minutes. Participants were asked to rate their level of 
perceived exertion (RPE CR-10; Borg, 1990) during each training session to 
monitor exercise intensity. Each training session was scheduled for 30 minutes 
per participant to allow adequate training time for each participant plus a warm 
up and cool down, and 5 minutes of transition time between sessions.
At the first WBV training session, and prior to the beginning of training on 
the vibration machine, each participant was introduced to the protocol. 
Specifically, they were instructed on proper body position, WBV parameters, and 
the duration of the session. In addition, participants stood on the machine
without vibration to practice the correct body position. When the WBV training
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session began, the investigator instructed each participant to stand on the WBV 
platform with "soft knees" (e.g. slightly flexed and relaxed). For the first week, 
participants stood on the vibration platform with knees soft and heels slightly off 
the platform. This was done to diminish vibration transfer to the upper body and 
increase dampening in the lower body (Rees et al., 2008). The first IG session 
consisted of 6 minutes of vibration, for a total session time of 12 minutes (one 
minute on the platform, one minute off; Rees et al., 2008). Participants were 
encouraged to take a rest and drink water when needed.
Each consecutive week, an additional minute on the platform was added 
up to the fifth week, totalling 11 minutes on the platform (Appendix I). At four 
weeks, participants alternated one-minute sets of dynamic squats with standing 
for one minute. The alternating sets were incorporated to prevent premature 
fatigue in the leg muscles, and have been implemented in previous studies (Rees 
et al., 2008). The trade-off between time spent exercising and intensity was set 
at a maximum of 11 minutes on the platform to avoid discomfort and to attempt 
to induce sensorimotor effects from the vibrations (Carlucci et al., 2010). To 
ensure adequate exercise intensity, rest time off the platform was decreased to 
45 seconds at the fourth and fifth week, and decreased to 30 seconds from 
weeks six to eight. At midpoint during each session, participants were asked to 
rate their perceived exertion on a scale from 0 (no exertion) to 10 (maximum 
exertion) (Borg, 1990). Additional information can be found in Appendix J.
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Throughout each IG session, the investigator or research assistants 
observed and recorded any cues from the participant regarding exertion level in 
field notes. Any residual effects from vibration, such as muscle soreness or 
tingling in the lower limbs, were also recorded in the field notes.
Data Analysis
A 2x2, Group x Time mixed Analysis of Variance (ANOVA) with repeated 
measures on the second factor (Time) was used to test for significance between 
groups, time and interaction for COP summary measures. The Wilcoxon-signed 
rank and Mann-Whitney U were used to analyze non-parametric data. The level 
of significance was set at p < 0.05. Data were analyzed with the statistics 
software IBM SPSS Statistics 19.
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Results
Changes to Study Protocol
There were several changes to the study protocol after trial commencement.
One change was the minimum age of eligibility, which was lowered from 65 to 60 years 
in order to facilitate the recruitment process. A minimum age of 60 years has been 
implemented in a previous WBV and balance study (Bogaerts et al., 2007). Another 
change was two trained volunteer research assistants independently supervised the IG 
sessions for the last four weeks of the study. In addition, a participant from the IG was 
removed from the sway analysis due to possible technical error. This participant was 
included in analysis of all other outcomes (i. e., lower body strength, balance confidence, 
functional balance and HRQOL). One CG participant was lost-to-follow-up due to 
disinterest in participation. This participant had completed Time 1 measures, but 
dropped out of the study prior to completing measures at Time 2. The participant was 
therefore removed from all analyses. Therefore, 11 participants from the CG and 11 
from the IG were analyzed for sway parameters (Figure 2).
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Figure 2. Participant flow in the study.
Participant Demographics
Independent t-tests were performed to ensure there were no significant 
differences between the IG and CG at Time 1. There were no significant differences 
detected between groups, except for the strength/flexibility RAPA category. This finding 
indicated that the IG (M = .50, SE = .29) was not as active as the CG (M = 2.0, SE = 0.36), 
t(21) = 3.29, p < .05, for strength and flexibility exercises. This was investigated further 
and the number of participants per RAPA category was tabulated to decipher between 
the scores for the strength, flexibility, or both activities (Figure 3). It was found that both
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groups were significantly different for flexibility training activity level (IG; M = 0.33, SE =
0.22, CG; M = 1.45, SE = 0.28), t(21) = 3.14, p < .05.
Completion of Study
The investigator kept a record of IG absenteeism. The attendance rate ranged 
from 75% -100%, with an average of 90.3%, or approximately 20 out of 24 sessions. The 
most frequent reason for absenteeism was for personal matters such as physician 
appointments or family obligations.
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Aerobic




Figure 3. Individual self-reported physical activity levels for Aerobic, Strength and 
Flexibility categories for the control group (CG; n = 11) and intervention group 
(IG; n = 12) as measured by the Rapid Assessment of Physical Activity scale 
(RAPA). UA = Under-active; UA-L = Under-active -  Light activities (walking/light 
housework every week); UA-R = Under-active -  Regular (Moderate/vigorous 
activities for 20-30 minutes such as fast walking or tennis, 3-5 days per week); A 
= Active (Moderate activity for 30 minutes, more than 5 days per week). Strength 
and Flexibility Activities: NONE = No strength or flexibility exercises; STR = 
Strength training (Lifting weights once per week or more); FLEX = Flexibility 
activities (stretching/yoga once per week or more); BOTH = Performs both 
strength training and flexibility exercises once per week or more.
Primary Outcomes
Analysis of Variance for Postural Control
To assess for the effects of group, time and the interaction of group x time, a 
two-way mixed ANOVA with repeated measures on the second factor (Time) was 
performed for each summary measure of postural sway. Initially, ANOVAs were 
performed on each sensory condition along with each sway parameter. However, due to
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extremely large variability in the data and lack of significance, the sway parameters were 
averaged across all sensory conditions (e.g., eyes open, eyes closed, foam) (Carpenter et 
al., 2001). All effects were observed as significant at p < .05.
Table 2 displays the means and standard deviations for the summary measures 
of postural sway. The effect of group was analyzed to see if a difference existed between 
the IG and CG while disregarding the effect of time. For the main effect of group, the 
analysis did not find statistical significance for any of the sway parameters. Specifically, 
there were no statistical differences between participants of the IG and the CG. For the 
effect of time, the data was analyzed to see if there was a difference between Time 1 
and time 2 for each group. The analysis revealed no statistical difference for any of the 
sway parameters from Time 1 and Time 2 (Table 2).
The interaction of group and time was analyzed to see if there is a combined 
effect of group and time. The interaction effect was non-significant, which indicated 
there was no difference found between the IG and CG over Time 1 and Time 2. 
Therefore, the answer to the research question regarding sway was negative: The WBV 
program did not have an effect on group or time for the IG.
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Mean Scores and Standard Deviations for Sway Parameters - Time 1 and Time 2.
Table 2
Intervention Group (n = 11) Control Group (n = 11)
Time 1 Time 2 Time 1 Time 2
M SD M SD M SD M SD
Mean Lat COP 
(mm)
-0.041 0.031 -0.042 0.023 -0.044 0.027 -0.042 0.016
Mean AP COP 
(mm)
0.010 0.012 0.002 0.018 0.013 0.043 0.009 0.025
Lat Var (mm) 5.995 1.833 5.668 1.354 6.340 1.441 6.546 1.602
AP Var (mm) 3.434 2.843 2.536 1.008 3.834 2.879 3.372 1.111
ML Sway (mm) 33.849 10.192 31.880 7.785 35.896 9.272 43.375 19.061
AP Sway (mm) 22.314 23.853 14.940 6.174 22.645 18.174 18.808 5.977
Sway Vel (mm/s) 20.467 8.164 18.779 4.420 21.096 9.270 21.009 6.196
Rad (m) 0.003 0.002 0.003 0.001 0.003 0.002 0.003 0.001
Note. M = Mean; SD= Standard Deviation; Mean ML COP=Mean mediolateral Centre of Pressure (mm); Mean AP 
COP=Mean anterior-posterior Centre of Pressure (mm); ML Var=Lateral Variability (mm); AP Var=Anterior-posterior 
Variability (mm); ML Sway=Mediolateral Sway Range (mm); AP Sway=Anterior-posterior Sway Range (mm); 
Rad=Radius enclosing 90% (m).
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Analysis of Variance for Sway Parameters.
Table 3
Group Effect F P * Df Effect Size
Mean Lat COP 0.05 .82 (1,20) .05
Mean AP COP 0.33 .57 (1,20) .13
Lat Var 0.94 .34 (1,20) .21
AP Var 0.70 .41 (1,20) .18
ML Sway 2.60 .12 (1,20) .34
AP Sway 0.16 .69 (1,20) .09
Sway Vel 0.27 .61 (1,20) .17
Rad 0.15 .71 (1,20) .09
Time Effect F P Df Effect size
Mean Lat COP 0.003 .96 (1,20) .01
Mean AP COP 0.84 .37 (1,20) .20
Lat Var 0.07 .79 (1,20) .06
AP Var 1.58 .22 (1,20) .27
ML Sway 0.74 .40 (1,20) .19
AP Sway 1.90 .19 (1,20) .29
Sway Vel 0.38 .55 (1,20) .14
Rad 1.60 .22 (1,20) .27
Interaction F P* Df Effect size
Mean Lat COP 0.08 .78 (1,20) .06
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Mean AP COP 0.04 .84 (1,20) .04
Lat Var 1.47 .24 (1,20) .26
AP Var 0.16 .69 (1,20) .09
ML Sway 2.18 .15 (1,20) .31
AP Sway 0.18 .67 (1,20) .09
Sway Vel 0.31 .59 (1,20) .12
Rad 0.23 .64 (1,20) .11
Note. Mean ML COP=Mean mediolateral Centre of Pressure (mm); Mean AP COP=Mean anterior-posterior Centre of 
Pressure (mm); ML Var=Lateral Variability (mm); AP Var=Anterior-posterior Variability (mm ); ML Sway=Mediolateral 
Sway Range (mm); AP Sway=Anterior-posterior Sway Range (mm); Rad=Radius enclosing 90% (m).
*Significance level set at p < .05
Univariate Effects of Functional Balance, Lower Body Strength, Balance Confidence, 
Health-related Quality of Life
Tests for normality were conducted on outcome measures, and the results 
concluded the data for the BBS, ABC, STS and HRQOL violated the assumption of 
normality. Separate Wilcoxon signed-rank tests were conducted to analyze the main 
effect of Time for BBS, STS, ABC and HRQOL (Table 4). The Wilcoxon signed-rank test is a 
non-parametric analysis of two experimental conditions with the same participants, 
similar to the dependent t-test (Field, 2009). To analyze for between-group differences, 
a Mann-Whitney test was performed on the BBS, STS, ABC and HRQOL. The Mann- 
Whitney test is the non-parametric version of the independent t-test. Non-parametric 
tests can be used when data violates the assumption of normality. Although non- 
parametric tests may have an increased Type II error rate, this occurs only if the test is 
conducted when data are normally distributed (Field, 2009).
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When examining the effect of Time for the BBS, there was no statistical 
significance detected for the CG from Time 1 (Mdn = 44.00) and Time 2 (Mdn = 50.00), T 
= 3, p = .15 (Table 4). There was however a significant difference found for IG between 
Time 2 (Mdn = 50.50) and Time 2 (Mdn = 53.00), T= 4, p = .04. The effect size between 
Time 1 and Time 2 for the IG indicated a medium effect (r = -.43). As the test statistic 
was based on negative rankings, this indicates that most of the BBS scores were positive, 
or increased, from Time 1 to Time 2 for the IG. The effect of WBV significantly improved 
functional balance in the IG, as BBS scores were significantly higher at Time 2 than Time
1. For the between-group analysis, there were no significant group differences found for 
Time 1 between the IG (Mdn = 50.50) and the CG (Mdn = 50.00), U = 51.0, z = -.928, p = 
.35. In addition, at Time 2 there were no differences between the IG (Mdn = 53.00) and
CG (Mdn = 50.00), U = 42.50, z = -1.455, p = .15.
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Wilcoxon Signed Rank tests of Functional Balance, Muscular Strength, Balance 
Confidence and subscales of Health-Related Quality of Life
Table 4
Intervention group (n = 12) Control group (n = 11)
Median Median
Time 1 Time 2 p T Effect Time 1 Time 2 p T Effect
BBS (/56) 50.50 53.00 .04* 4 -.43 44.00 50.00 .15 3 -.30
STS (s) 10.75 9.45 .04* 3 -.42 10.80 12.30 .48 4 -.15
ABC (%) 92.50 94.37 .21 4 -.25 93.75 93.00 .66 5 -.09
PF 70.00 72.50 .12 2 -.31 75.00 75.00 .34 4 -.20
RLPH 75.00 100.00 .58 1 -.11 75.00 100.00 .41 1 -.17
RLEH 100.0 100.00 1.00 1 .00 100.00 100.00 .18 2 -.29
ENGY 65.00 72.50 .57 4 -.12 70.00 75.00 .53 3 -.13
EWB 86.00 90.00 .84 4 -.04 80.00 80.00 .44 4 -.16
SF 100.00 100.00 .26 1 -.23 100.00 87.50 .86 3 -.04
Pain 90.00 90.00 .71 1 -.07 87.50 80.00 .78 3 -.06
GH 70.00 80.00 .06 2 -.38 80.00 70.00 .18 3 -.28
CHG 50.00 5.00 .56 1 -.12 50.00 50.00 .19 1 -.28
Note. T = smallest value of summed ranks; BBS= Berg Balance Scale; STS = Sit-to-Stand test; ABC= Activities-Specific 
Balance Confidence scale; SF-36 subscales -  PF = Physical Function; RLPH = Role limitations due to physical health; 
RLEH = Role limitations due to emotional health; ENGY = Energy/fatigue level; EWB = Emotional wellbeing; SF= Social 
function; Pain = Amount of bodily pain; GH = General health; CHG = Change in health over the past 12 months.
*Significance level set at p <.05.
For the STS, there was no statistical significance detected for the CG from Time 1 
(Mdn = 10.80) to Time 2 (Mdn = 12.30), T = 4, p = .48. However, a statistical difference 
was noted for the IG between Time 1 (Mdn = 10.75) to Time 2 (Mdn = 9.45), T = 3, p =
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.04, r = -.42. The effect size between Time 1 and Time 2 indicated a medium effect from 
WBV. In fact, the average time to perform five sit-to-stands decreased from Time 1 to 
Time 2, whereas the CG took longer on average between Time 1 and Time 2. The test 
statistic was based on the positive ranks for the IG, indicating that for Time 1 to Time 2, 
the time was significantly lower. There were no group differences found for Time 1 
between the IG (Mdn = 10.75) and the CG (Mdn = 10.80), U = 65.50, z = -.031, p = .98.
For Time 2, there were no group differences detected between the IG (Mdn = 9.45) and 
the CG (Mdn = 12.30), U = 48.00, z = -1.108, p = .29.
For the ABC, there was no significant difference between Time 1 and Time 2 for 
either IG or CG. At Time 1, there were no group differences between the IG (Mdn = 
92.50) and the CG (Mdn = 93.75), U = 62.50, z = -.216, p = .83. The between-group 
findings for Time 2 were also not significantly different between the IG (Mdn = 94.37) 
and the CG (Mdn = 93.0), U = 56.50, z = -.343, p = .57.
For the IG the difference for 'General Health' of the SF-36 was close to significant 
(p = .06) for Time. There were no differences in any of the other SF-36 categories within 
either the IG or CG, indicating that HRQOL did not change over time. In addition, there 
were no significant differences found for the effect of group for the SF-36. Additionally 
none of the categories for the SF-36 were significantly different for the IG and CG at 
Time 1 or Time 2.
Therefore, the answer to the first research question was positive for functional
balance as well as lower body strength -  the IG improved significantly on the BBS and
46
STS from Time 1 to Time 2. However, the effect of time was not significant for postural 
control, balance confidence and health-related quality of life. Furthermore, the effect 
group was insignificant for all outcome measures. That is, there were no group effects 
detected from WBV, resulting in a negative answer to the second research question.
Adverse Effects
During the first two weeks of the program, four participants in the IG reported a 
sensation of "unsteady legs" after completing a WBV session. This residual effect lasted 
from five to 60 minutes, but was not reported as disrupting the daily activities of 
participants. Some participants also reported a delayed onset of muscle soreness 
(DOMS) 24 to 48 hours after a WBV session. However, the DOMS subsided 
approximately three weeks after the intervention began. In addition, three participants 
reported minor knee pain randomly during and after WBV sessions. One of these 
participants attributed the pain to a previous surgery while the other two reported prior 




This study assessed whether eight-weeks of WBV training would improve the 
postural control, functional balance, lower body strength, balance confidence and 
health-related quality of life in community-dwelling older adults. The results 
demonstrated that WBV training significantly improved lower body strength and 
functional balance for the IG from Time 1 to Time 2. Several past studies support that 
WBV training can improve muscular strength, especially within the older adult 
population (Bogaerts et al., 2007a; Roelants et al., 2004; Russo et al., 2003). However, 
eight weeks of WBV training had no effects for postural control, balance confidence and 
health-related quality of life.
Postural Control
The effects from WBV training are believed to be primarily from the tonic 
vibration reflex. The mechanical energy from vibration excites the muscle spindles, 
causing a reflexive muscle contraction. This reflexive contraction is believed to be the 
reason for reported increases in strength. Moreover, the tonic vibration reflex also 
affects proprioception, as somatosensory receptors are also excited by vibration. This 
increase in sensory stimulation, as well as reflexive muscle activity, is thought to result in 
enhanced postural control. There was no evidence that the postural control of the IG 
was significantly affected by participating in WBV training for eight weeks. The 
literature, however, suggests that WBV training may improve postural control. Many of
these studies use clinical balance tests to quantify balance. Although clinical tests are
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useful, they are not necessarily pure measures of balance. For example, the timed up 
and go test for example is a timed test is affected by muscle strength and/or power 
(Daubney & Culham, 1999). Few WBV training studies have attempted to separate 
strength from postural control by using posturography to quantify balance. Of those that 
have measured posturography, most found that postural control did improve for the 
WBV group (Bogaerts et al., 2007; Cheung et al., 2007; Rees et al., 2008). The training 
program of one study was 12-months in duration and incorporated static, dynamic and 
balancing exercises on a vertical vibration platform (Bogaerts et al., 2007). Thus, a 
potential reason for the negative results in our study could be that eight weeks of WBV 
training was not sufficient to achieve postural control modifications. However, one study 
that evaluated postural control was eight weeks in duration (Rees et al., 2008). The WBV 
program included standing for the first four weeks, progressing to dynamic lower body 
exercises. A tilting vibration platform was used (i.e., tilts left to right like a teeter-totter). 
Rees et al. found that force variability of the WBV group improved compared to an 
exercise group. In addition, further support was found for postural control in a 3-month 
standing-only WBV training program (Cheung et al., 2007). Cheung et al., (2007) found 
that after only three minutes per session, balance improved in community-dwelling 
older adults. The Limits of Stability was used to quantify postural control. The test used a 
force plate to trace the displacement of the centre of gravity when study participants 
swayed in eight targeted directions. The WBV group saw significant gains for balance 
compared to the control group. One reason why the studies by Rees et al. (2008) and
Cheung et al. (2007) were successful might be the choice of vibrating platform. It has
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been noted that tilting platforms produce stronger gravitational forces than vertical 
vibrating platforms (Pel et al., 2009). In addition, rotating platforms induce mediolateral 
perturbations, creating oscillations at the spine and hips (Pel et al., 2009), providing the 
neuromuscular system with a different stimulus than vertical vibrating platforms. 
Therefore, perhaps for protocols that are eight to 12 weeks in duration, it might be more 
appropriate to use a platform that produces mediolateral rotating vibrations.
Another possible reason for the negative results in the present study may be that 
the postural control measure was not challenging enough to detect balance 
modifications. If the muscular strength threshold exceeds the postural disturbance, it is 
difficult to obtain a "true" balance reading. For example, Lin & Woollacott (2005) found 
that older adults in their sample were able to recover balance without difficulty when 
exposed to medium-sized postural perturbations. It could be that our force plate 
balance protocol was not difficult enough and did not exceed the muscular strength 
threshold of our sample. Future studies should consider decreasing the base of support 
for posturography tests, such as tandem stance or standing on one leg, as seen in Rees 
et al., (2008). In addition, participants were relatively high functioning; they were 
moderately active and were considered "healthy". This could be another reason why no 
differences were detected for time or group. High functioning older adults may not be 
substantially affected from WBV training compared to low functioning groups
(Merriman & Jackson, 2009).
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Functional Balance
The Berg Balance Scale was Incorporated to examine functional balance in older 
adults. It is a widely-used clinical tool and is the best single predictor of fall risk 
(Shumway-Cook et al.; 1997). In the present study, the IG improved significantly from 
Time 1 to Time 2 on the Berg Balance Scale, and there was no change in the CG scores. 
The Berg Balance Scale assesses balance while performing functional tasks such as 
sitting to standing, transfers, and timed step-ups on a stool. The Berg Balance Scale may 
be related to lower body strength (Daubney & Culham, 1999). Since there was no 
statistical difference found for postural control, it is difficult to decipher whether 
improvements on the Berg Balance Scale in the present study are the result of balance 
improvements or lower body strength.
Lower Body Strength
There is strong support in the literature that WBV training improves muscular 
strength and power in older adults (Merriman & Jackson, 2009; Roelants et al., 2004; 
Russo et al., 2003; Verschueren et al., 2004). Muscular strength is a critical component 
of an older adult's daily routine, as loss of strength can lead to frailty and disability 
(Shumway-Cook & Woollacott, 2001). It is essential, therefore, that older adults perform 
strengthening exercises, as recommended by Canada's Physical Activity Guide (Canadian 
Society for Exercise Physiology, 2011). In the present study, the Sit-to-Stand time of the 
IG improved significantly from Time 1 to Time 2, though there was no change for the CG. 
The Sit-to-Stand is a quick and effective indirect measure of quadriceps strength (Lord,
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Murray, Chapman, Munro & Tiedemann, 2002). Our results coincide with other WBV 
studies that demonstrated improvements in clinical tests that are affected by muscular 
strength and power (Bogaerts et al., 2007a; Roelants et al., 2004). The reflexive muscle 
contraction stimulated by WBV, known as the tonic vibration reflex (TVR), is thought to 
be responsible for these changes (Cardinale & Bosco, 2003).
Health-related Quality of Life
One goal of the present study was to verify whether the health-related quality of 
life of community-dwelling older adults was affected by the WBV intervention. The 
connection between perceived health and quality of life of older adults is well- 
established (Blane, Netuveli & Montgomery, 2008). Our results demonstrated there 
were no statistical significance found between groups or over time. The only previous 
WBV study to investigate health-related quality of life found it significantly increased 
after six weeks of training (Bruyere et al., 2005). However, the participants were long­
term care residents who reported relatively low health-related quality of life at Time 1. 
For example, the Time 1 scores ranged from 27.3 to 63.3 points. On the other hand, the 
scores from the present study ranged from 64.6 to 85.4 points at Time 1. This lack of 
significance in our study could be due to initial scores on the SF-36, indicating a relatively 
high health-related quality of life at Time 1. It may be worth investigating if a 
relationship exists between WBV training and older adults with low health-related 
quality of life. Lower functioning older adults tend to benefit from WBV exercise more 
than higher functioning older adults (Merriman &. Jackson, 2009).
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Balance Confidence
To the knowledge of the author, this study is the first to explore the possible 
relationship between WBV and balance confidence. Past studies have demonstrated 
that balance confidence has improved from traditional exercise programs (Zijlstra et al., 
2007); therefore it is plausible that WBV training may also affect balance confidence. In 
the present study there were no significant differences detected for group and time for 
balance confidence. However, the IG marginally improved in comparison to the CG. The 
IG scored an average of 82.2% ±25.7 at Time 1, which improved to 86.6% ±14.8 at Time
2. The CG scored 83.3%±23.9 at Time 1, and 84.4%±18.8 at Time 2. In a study that 
compared the ABC of fallers to non-fallers, the non-fallers had an average ABC score of 
85% (Lajoie & Gallagher, 2004). The fallers had a significantly lower score of 48%, which 
indicates low functional mobility (Myers et al., 1998). A score of 80% or greater indicates 
high function and mobility, making it unlikely that balance confidence will increase from 
a balance training program (Myers et al., 1998). The majority of the participants in the 
present study were at a low fall risk, and none were at a severe fall risk according to the 
Berg Balance Scale. This ceiling effect could be the reason for the lack of responsiveness 
to the program in the present study (Talley et al., 2008). An ABC score of 70% or less is 
more likely to be responsive to a balance confidence program (Myers et al., 1998). It 
would be interesting to evaluate the effects of WBV training on a low balance 
confidence group (less than 70% ABC score). This topic warrants further investigation, as 
fear of falling can be detrimental to mobility and increase fall risk (Powell & Myers,
1995).
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Tolerance for WBV Training
Most WBV training studies achieve an excellent adherence rate and report minor 
side effects (if any). Adverse events in past studies include DOMS (Cheung et al., 2007), 
mild knee pain (Roelants et al., 2004) and temporary itching (Bruyere et al., 2005). 
However, the lack of standard safety protocols (Soiza, 2010) and vibration exposure to 
the head (Brooke-Wavell & Mansfield, 2009) have caused some concern about whether 
WBV training is safe and tolerable for older adults. Therefore it is important to establish 
adequate and safe training protocols for older adults. Conversely, others have touted 
WBV as a safe, efficient and effective exercise modality for older adults (Merriman & 
Jackson, 2009). Obtaining constant feedback from participants can help to ensure 
tolerance and safety. The investigator recorded field notes and participant comments at 
every WBV training session.
Many participants enjoyed the program and it was well-tolerated. One participant 
appeared to benefit the most from the intervention. The peers of this participant 
remarked he was "moving around better". At Time 2, the participant improved by 11 
points on the Berg Balance Scale. A 1-point change on the Berg Balance Scale can lead to 
a 6 -  8% decrease in risk of a fall (Shumway-Cook et al., 1997). In addition, the ABC score 
of the individual improved from 14.5% to 61.25% - an increase of 46.75%. The effects of 
targeting WBV training to community-dwelling older adults with a higher fall risk and
low balance confidence warrants further investigation.
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Several of the participants felt the vibrations had a "soothing sensation", similar to 
a leg massage. In addition, some participants commented they were sad the trial was 
ending and wished to continue the training. Several of the sedentary participants 
commented that their mobility improved and attributed the improvement to the WBV 
training. Numerous WBV studies report improvements in mobility and gait after six to 
eight weeks of training (Bautmans et al., 2005; Bruyere et al., 2005; Furness et al., 2010). 
Another participant felt the WBV training improved her health immensely and 
purchased a WBV platform for personal use. One of the higher functioning participants 
reported the program was boring. Another high functioning participant did not enjoy 
performing the squat exercises due to increased muscular tension. Adverse events 
reported by participants included muscle soreness and mild knee pain, which coincides 
with other studies (Bruyere et al., 2005; Cheung et al., 2007; Roelants et al., 2004). 
Overall, the 8-week WBV program in this study was very well tolerated by participants. 
This program may be more appropriate for sedentary, lower functioning older adults 
who may benefit more from WBV training than higher functioning older adults 
(Merriman & Jackson, 2009).
Limitations
Low power, high variability within and between groups and choice of tests are 
some of the limitations in this study. Statistical power is the ability of a test to detect an 
effect (Field, 2009). The inability to recruit participants, leading to a smaller than desired 
sample size, diminished the experimental power (Agresti & Finlay, 2009). In addition, the 
investigator and participants were not blinded, which could lead to potential bias.
55
Moreover, the Berg Balance Scale Is a subjective measure, where an assessor rates the 
participant on functional tasks. Due to the Berg Balance Scale's subjective nature, it 
could also lead to potential bias.
The large variability for several outcome measures, such as the ABC, various 
health-related quality of life categories and postural control at Time 1 and Time 2 may 
also be another limitation. Since the present study was exploratory in nature, volunteers 
that met study criteria and resided in the community were accepted. This could increase 
the level of unsystematic variation within the sample of the present study, thus making 
it difficult to detect an effect from the WBV training. The variation between participants 
could be a result of the sample, which varied in age as well as function. In an attempt to 
alleviate the effect of the skewed postural control data, the sensory conditions for each 
summary measure were compiled into average sway values. This could have over­
estimated or under-estimated values for sway, as certain sensory-altered conditions can 
induce greater sway than others (Horak et al., 1989). An additional potential limitation 
could be the duration of the training program. Bogaerts et al. (2007) demonstrated that 
12 months of WBV training on a vertical vibration platform is associated with a 
decreased fall risk in older adults. Therefore this program may not have been long 
enough to modify postural control in older adults.
Recommendations for Future Trials
Due to the lack of evidence in this study for postural control, it may be beneficial 
to gradually implement additional balance components to the intervention. For
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example, standing on one leg with eyes closed would challenge balance control 
(Bogaerts et al., 2007). In their WBV training study, Bogaerts et al. (2007) combined 
static and dynamic lower body exercises on the vibration platform, which eventually 
progressed to one-legged squats with eyes closed. It may also be beneficial to conduct a 
longer duration study, such as the 12-month study conducted by Bogaerts et al. (2007) 
where improved balance control was associated with the WBV training group.
To the knowledge of the author, this is the first study to investigate balance 
confidence in a WBV training study. The psychological aspect of falling can negatively 
impact function and quality of life (Liu-Ambrose et al., 2006; Suzuki et al., 2002). It is 
worth examining the potential paradigm of fear of falling and WBV training. Balance 
confidence marginally increased for the IG, however this interpretation is cautioned as it 
was not statistically significant. Past studies have demonstrated that balance 
performance on the Berg Balance Scale is strongly associated with ABC scores (Hatch, 
Gill-Body & Portney, 2003). In the present study, Berg Balance Scale scores significantly 
improved from Time 1 to Time 2 for the IG. Therefore, older adults at a higher risk of fall 
(less than 70% ABC score; Myers et al., 1998) may be an appropriate population for 
future studies on WBV training and balance confidence. This population is more likely to 
achieve balance confidence gains from a balance training program (Myers et al., 1998).
Several studies have suggested that WBV training is a valuable tool to improve 
balance and strength in older adults (Bogaerts et al., 2007a; Bruyere et al., 2005; Rees et 
al., 2008; von Stengler et al., 2010). Bogaerts et al. (2007) demonstrated that WBV 
training was associated with a lower fall risk. The potential of WBV training to affect
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balance confidence is in need of further investigation, as the implications could be 
substantial from a falls prevention perspective.
Other recommendations for future studies include a larger sample size to improve 
power. In addition, the blinding of participants and research assistants would decrease 
potential bias. Stratified sampling of participants into groups with specific 
characteristics, such as fall risk, may help decrease sampling error (Babbie & Benaquisto, 
2002). Incorporating these factors would improve the scientific rigor of the study.
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Conclusion
There is robust evidence that WBV training can improve leg strength in older 
adults. It is also theorized that a possible neuromuscular adaptation may occur, which 
could translate into improved postural control (Bogaerts et al., 2007; Rees et al., 2008). 
Functional balance and strength improvements demonstrate the benefits of WBV 
training (Bautmans et al., 2005; Bruyere et al., 2005). However, evidence for 
neuromuscular adaptations separate from strength was not found in the present study; 
that is, there were no significant WBV training effects for postural control. In addition, 
balance confidence and health-related quality of life did not significantly improve after 
eight weeks of WBV training.
The lack of significance for postural control in our study could mean that vertically 
oscillating vibration stimulus is an insufficient stimulus to improve balance in older 
adults. It could also indicate that our WBV intervention and balance protocol did not 
sufficiently challenge the balance of our sample. It is postulated the significant 
improvements in functional balance were the result of increased strength, as the BBS is 
related to lower body strength (Daubney & Culham, 1999). Regardless of the null results 
for postural control, the potential of WBV as a balance training mechanism should not 
be disregarded.
It is acknowledged that WBV should not replace a regular exercise routine. 
Consistent aerobic, muscular strength, balance and flexibility exercises are important for 
autonomy and quality of life in advancing age (CSEP, 2011). However, WBV training
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could complement such a program or provide a starting point for frailer older adults 
who may be unable to exercise in a more traditional manner.
Future recommendations include incorporating balance exercises for WBV training 
and choosing a more challenging postural sway assessment. Factors to increase the 
scientific rigor of future studies should be implemented. In addition, the WBV training 
program in the current study may be more appropriate for lower functioning older 
adults at a higher fall risk; however this warrants further investigation. Areas worthy of 
future WBV training research include fear of falling, quality of life, sarcopenia and 
postural control.
The WBV and older adult literature continues to grow as the use of WBV for 
becomes increasingly popular in the media, exercise clubs and research laboratories. It is 
evident that WBV can be an effective and efficient method of strength training, 
especially for low-functioning older adults (Merriman & Jackson, 2009). The strength 
and power improvements from WBV training have been hypothesized to be the result of 
muscle fibre response to the tonic vibration reflex (Bogaerts et al., 2007a). The potential 
of WBV to reduce or prevent sarcopenia could have significant clinical application, as it is 
a factor in age-related functional decline and fall risk (Robinson et al., 2004). However, 
the optimal dosage and prescription of WBV training remains unknown (Merriman & 
Jackson, 2009). Standardized WBV training protocols are required to establish safe and 
effective training guidelines for older adults.
60
References
Agresti, A., & Finlay, B. (2009). StatitiscaI methods for the social sciences (4th ed.). 
Pearson Prentice Hall: New Jersey, USA.
American College of Sports Medicine. (2010). ACSM's resource manual for guidelines for 
exercise testing and prescription, sixth edition. Philadelphia : Lippincott Williams 
& Wilkins.
Babbie, E., & Benquisto, L. (2002). Fundamentals of Social Research. Scarborough, 
Canada: Thomson Nelson.
Bandura, A. (1977). Self-efficacy : Toward a unifying theory of behavioural change. 
Psychological Reivew, 84 (2), 191 -  215.
Bautmans, I., Van Hees, E., Lemper, J., & Mets, T. (2005). The feasibility of whole body 
vibration in institutionalized elderly persons and its influence on muscle 
performance, balance and mobility: A randomized controlled trial. BMC 
Geriatrics, 5 (17), 1 -8 .
Berg, K., Wood-Dauphinee, S., Williams, J.I., & Gayton, D . (1989). Measuring balance in 
the elderly: preliminary development of an instrument. Physiotherapy Canada, 
41(6), 304-311.
Berk, L. (2008). Exploring Lifespan Development. Boston : Pearson Education, Inc.
61
Binda, S. M., Culham, E. G., & Brouwer, B. (2003). Balance, muscle strength, and fear of 
falling in older adults. Experimental Aging Research, 29(2), 205 -  219.
Bird, M. L., Hill, K., Ball, M., & Williams, A. D. (2009). Effects of resistance- and flexibility- 
exercise interventions on balance and related measures in older adults. Journal 
of Aging and Physical Activity, 17, 444 -  454.
Bissonnette, D. R., Weir, P. L., Leigh, L., & Kenno, K. (2010). The effects of a whole-body 
vibration exercise program on flexibility, balance, and strength in seniors. 
Physical & Occupational Therapy in Geriatrics, 28(3), 225 -  234. doi: 
10.3109/02703181.2010.503913
Blanchard, R. A., Myers, A. M., & Pearce, N. J. (2007). Reliability, construct validity, and 
clinical feasibility of the Activities-Specific Falls Caution Scale for residential living 
seniors. Archives of Physical Medicine and Rehabilitation, 88, 732 -  739.
Blane, D., Netuveli, G., & Montgomery, S. M. (2008). Quality of life, health and
physiological status and change at older ages. Social Sciences and Medicine, 66, 
1579-1587.
Bogaerts, A.,Verschueren, S., Delecluse, C., Claessens, A., & Boonen, S. (2007). Effects of 
whole body vibration training on postural control in older individuals : A 1 year 
randomized control trial, Gait & Posture, 26, 309 -  316.
Bogaerts, A., Delecluse, C., Claessens, A. L., Coudyzer, W., Boonen, S., & Verschueren, S. 
M. (2007a). Impact of whole-body vibration training versus fitness training in on
62
muscle strength and muscle mass in older men: A 1-year randomized controlled 
trial. Journal of Gerontology: Medical Sciences, 62A, 630 -  635.
Bohannon, R. W. (1995). Sit-to-stand test for measuring performance of lower-extremity 
muscles. Perceptual and motor skills, 80(1), 163-166.
Bohannon, R. W. (2009). Body weight-normalized knee extension strength explains sit- 
to-stand independence: A validation study. Journal of Strength and Conditioning 
Research, 23, 309 -  311.
Borg, G. (1990). Psychophysical scaling with applications in physical work and the 
perception of exertion. Scandinavian Journal of Work and Environment and 
Health, 16 (Supp.l), 55-58.
Bosco, C , lacovelli, M., Tsarpela, Cardinale, M., Bonifazi, M., Tihanyi, J . , ... Viru, A.
(2000). Hormonal responses to whole-body vibration in men. European Journal 
of Applied Physiology, 81, 449 -  454.
Brazier, J. E., Harper, R., Jones, N. M., O'Cathain, A., Thomas, K. J., Usherwood, T., & 
Westlake, L. (1992). Validating the SF-36 health survey questionnaire: New 
outcome measure for primary care. BMJ, 305, 160 -164.
Brooke - Wavell, K., & Mansfield, N. J. (2009). Risks and benefits of whole body vibration
training in older people [Editorial]. Age and Ageing, 38, 254-255.
63
Brooke -  Wavell, K., Perrett, L. K., Howarth, P. A., & Haslam, R. A. (2002). Influence of 
the visual environment on the postural stability in health older women. 
Gerontology, 48(5), 293 -  297.
Bruyere, 0., Wuidart, M., di Palma, E., Gourlay, M., Ethgen, 0., Richy, F., & Reginster, J. 
(2005). Controlled whole body vibration to decrease fall risk and improve health- 
related quality of life of nursing home residents. Archives of Physical and Medical 
Rehabilitation, 86, 303 -  307.
Buatois, S., Gueguen, R., Gauchard, G. C., Benetos, A., & Perrin, P. P. (2006).
Posturography and risk of recurrent falls in health non-institutionalized persons 
aged over 65. Gerontology, 52, 345 -  352. Doi: 10.1159/000094983 
Canadian Society for Exercise Physiology (2011). Canada's Guidelines for Physical 
Activity. Retrieved from http://www.csep.ca/english/view.asp?x=804
Cardinale, M., & Bosco, C. (2003). The use of vibration as an exercise intervention. 
Exercise and Sports Sciences Reviews, 31(1), 3 -7 .
Carlucci, F., Mazza, C., & Cappozzo, A. (2010). Does whole-body vibration training have 
acute residual effects on postural control ability of elderly women? Journal of 
Strength and Conditioning Research, 24(12), 3363 -  3368.
Carpenter, M. G., Frank, J. S., Winter, D. A., & Peysar, G. W. (2001). Sampling duration
effects on centre of pressure summary measures. Gait & Posture, 13, 35 -  40.
64
Cheung, W. H., Mok, H., Qin, L., Sze, P., Lee, K., & Leung, K. (2007). High-frequency
whole-body vibration improves balancing ability in elderly women. Archives of 
Physical and Medical Rehabilitation, 88, 852 -  857.
Crilly, R. G., Willems, D. A., Trenholm, K. J., Hayes, K. C., &. Delaquerriere -  Richardson, L. 
(1989). Effect of exercise on postural sway in the elderly. Gerontology, 35 ,137 -  
143.
Daubney, M. E., & Culham, E. G. (1999). Lower-extremity muscle force and balance
performance in adults aged 65 years and older. Physical Therapy, 79(12), 1177 -  
1185.
Delbaere, K., Close, J. C., Brodaty, H., Sachdev, P., & Lord, S. R. (2010). Determinants of 
disparities between perceived and psychological risk of falling among elderly 
people: cohort study. BMJ, 341,1 -8 .  doi:10.1136/bmj
Delecluse, C., Roelants, M., & Verschueren, S. (2003). Strength increase after whole-
body vibration compared with resistance training. Medicine & Science in Sports & 
Exercise, 35 (6), 1033 -1041. doi: 10.1249/01.MSS.0000069752.96438.B0
Eklund, G., & Hagbarth, K. E. (1966). Normal variability of tonic vibration reflexes in man. 
Experimental Neurology, 16, 80 -  92.
Elavsky, S., &. McAuley, E. (2005). Physical activity, symptoms, esteem, and life 
satisfaction during menopause. Maturitas, 52, 374-385. 
doi:10.1016/j.maturitas.2004.07.014
65
Field, A. (2009). Discovering Statistics Using SPSS (3rd ed.). SAGE Publications Ltd:
London.
Furness, T. P., Maschette, W. E., Lorenzen, C., Naughton, G. A., & Williams, M. D. (2010). 
Efficacy of whole-body vibration intervention of functional performance of 
community-dwelling older adults. The Journal of Alternative and Complementary 
Medicine, 16(7), 795-797. doi: 10.1089/acm.2009.0366
Gillespie, L. D., Robertson, M. C., Gillespie, W. J., Lamb, S. E., Gates, S., Cumming, R. G., & 
Rowe, B. H. (2009). Interventions for preventing falls in older people living in the 
community. Cochrane Database of Systematic Reviews, 2, Art.No.: CD007146. 
doi: 10.1002/14651858.CD007146.pub2
Gustafson, A., Noaksoon, L., Kronhed, A. G., Moller, M., & Moller, C. (2000). Changes in 
balance performance in physically active elderly people aged 73 -  80. 
Scandinavian Journal of Rehabilitation Medicine, 32, 132 -172.
Hatch, J., Gill-Body, K. M., & Portney, L. G. (2003). Determinants of balance confidence in 
community-dwelling elderly people. Physical Therapy, 83, 1072 -  1078.
Hazell, T. J., Jakobi, J. M., & Kenno, K. A. (2007). The effects of whole-body vibration on 
upper- and lower-body EMG during static and dynamic contractions. Applied 
Physiology, Nutrition, and Metabolism, 32, 1156 -1163.
Horak, F. B., Shupert, C. L., & Mirka, A. (1989). Components of postural dyscontrol in the
elderly: A review. Neurobiology of Aging, 10, 727 -  738.
66
Islam, M. M., Nasu, E.; Rogers, M. E., Koizumi, D., Rogers, N. L., &Takeshima, N. (2004). 
Effect of combined sensory and muscular training on balance in Japanese older 
adults. Preventive Medicine, 39, 1148 -  1155.
Issurin, V. B. (2005). Vibrations and their applications in sport: A review. Journal of 
Sports Medicine and Physical Fitness, 45(3), 324 -  336.
Kerr, A. (2010). Introductory Biomechanics. Elsevier: London.
LabVIEW (2009). National Instruments Corporation.
Lajoie, Y., & Gallagher S. P. (2004). Predicting falls within the elderly community:
Comparison of postural sway, reaction time, the Berg Balance Scale and the 
Activities-specific Balance Confidence (ABC) scale for comparing fallers and non- 
fallers. Archives of Gerontology and Geriatrics, 38, 11 -  26.
Lau, R. W., Teo, T., Yu, F., Chung, R. C., & Pang, M. Y. (2011). Effects of whole-body 
vibration on sensorimotor performance in people with Parkinson Disease: A 
systematic review. Physical Therapy, 91 (2), 1 -12 .
Le Clair, K ., & Riach, C. (1996). Postural stability measures: What to measure and for 
how long. Clinical Biomechanics, 11(3), 176 -178.
Lin, S. I., 8t Woollacott, M. (2005). Association between sensorimotor function and
functional and reactive balance control in the elderly. Age and Ageing, 34, 358-
363.
67
Liu-Ambrose, T., Khan, K. M., Eng, J. J., Lord, S. R., & McKay, H. A. (2004). Balance
confidence improves with resistance and agility training. Gerontology, 50(6), 373 
-382.
Liu-Ambrose, T., Khan, K. M., Donaldson, M. G., Eng, J. J., Lord, S. R., & McKay, H. A.
(2006). Falls-related self-efficacy is independently associated with balance and 
mobility in older women with low bone mass. Journal of Gerontology: Medical 
Sciences, 61A(8), 832 -  838.
Lord, S. R., Murray, S. M., Chapman, K., Munro, B., &Tiedemann, A. (2002). Sit-to-stand 
performance depends on sensation, speed, balance, and psychological status in 
addition to strength in older people. Journal of Gerontology: Medical Sciences, 
S7A, M539 -  M543.
Lord, S. R., Tiedemann, A., Chapman, K., Munro, B., Murray, S. M., & Sherrington, C.
(2005). The effect of individualized fall prevention program on fall risk and falls in 
older people: A randomized, controlled trial. Journal of the American Geriatrics 
Society, S3, 1296 -  1304.
Low Choy, N., Brauer, S., & Nitz, J. (2003). Changes in postural stability in women aged 
20 to 80 years. Journal of Gerontology: Medical Sciences, 58A(6), 525 -  530.
Machado, A., Garcia-Lopez, D., Gonzalez-Gallego, J., & Garatachea, N. (2010). Whole-
body vibration training increases muscle strength and mass in older women: A
68
randomized-controlled trial. Scandinavian Journal of Medicine & Science in 
Sports, 20, 200 -  207.
Maki, B. E., Holliday, P. J., & Topper, A. K. (1994). A prospective study of postural balance 
and risk of falling in an ambulatory and independent elderly population. Journal 
of Gerontology : Medical Sciences, 49(2), M72 -  M84.
McClenaghan, B. A., Williams, H. G., Dickerson, J., Dowda, M., Thombs, L, & Eleazer, P. 
(1996). Spectral characteristics of aging postural control. Gait & Posture, 4 ,112 -  
121.
McHorney, C. A., War, J. E., Lu, J. F., & Sherbourne, C. D. (1994). The MOS 36-item short- 
form health survey (SF-36): III. Tests of quality, scaling assumptions, and 
reliability across diverse patient groups. Medical Care, 32(1), 40 -  66.
Merriman, H., & Jackson, K. (2009). The effects of whole-body vibration training in aging 
adults: A systematic review. Journal of Geriatric Physical Therapy, 32(3), 134 -  
145.
Microsoft Excel (2007). Microsoft Corporation.
Murphy, J., & Isaacs, B. (1982). The post-fall syndrome. A study of 36 elderly patients. 
Gerontology, 28(4), 265 -  270.
Myers, A. M., Fletcher, P. C., Myers, A. H., & Sherk, W. (1998). Discriminative and
evaluative properties of the Activities-specific Balance Confidence (ABC) scale. 
Journal of Gerontology : Medical Sciences, 53A(4), M287 -  M294.
69
Pajala, S., Era, P., Koskenvuo, M., Kaprio, J., Tormakangas, T., & Rantanen, T. (2008). 
Journal of Gerontology: Medical Sciences, 63A, 171 -178.
Pel, J. J., Bagheri, J., van Dam, L. M., van den Berg-Emons, H. J., Horemans, H. L., Stam, H. 
J., & van der Steen. (2009). Platform accelerations of three different whole-body 
vibration devices and the transmission of vertical vibrations to the lower limbs. 
Medical Engineering & Physics. Advance online publication, doi: 
10.1016/j.medengphy.2009.05.005
Piirtola, M., & Era, P. (2006). Force platforms measurements as predictors of falls among 
older people -  a review. Gerontology, 52, 1 -16 .
Powell, L. E., & Myers, A. M. (1995).The Activities-specific Balance Confidence (ABC) 
scale. Journal of Gerontology, 50, M28 -  M38.
Prieto, T. E., Myklebust, J. B., Hoffmann, R. G., Lovett, E. G., &. Myklebust, B. M. (1996). 
Measures of postural steadiness: Differences between healthy young and elderly 
adults. IEEE Transactions on Biomedical Engineering, 43(9), 956 -  966.
Rees, S., Murphy, A., &. Watsford, M. (2007). Effects of vibration exercise on muscle
performance and mobility in an older population. Journal of Aging and Physical 
Activity, 15, 367 -  381.
Rees, S., Murphy, A., & Watsford, M. (2008). Effects of whole body vibration on postural 
steadiness in an older population. Journal of Science and Medicine in Sport, 12(4),
440 -  444.
70
Rittweger, J. (2010). Vibration as an exercise modality: How it may work, and what its 
potential might be. European Journal of Applied Physiology, 108, 877 -  904. doi: 
10.1007/S00421-009-1303-3
Robinson, B., Gordon, J., Wallentine, S., & Visio, M. (2004). Relationship between lower- 
extremity joint torque and the risk for falls in a group of community dwelling 
older adults. Physiotherapy and Practice, 20(3), 155 -  173.
Roelants, M., Delecluse, C., & Verschueren, S. (2004). Whole-body-vibration training 
increases knee-extension strength and speed of movement in older women. 
Journal of the American Geriatrics Society, 52, 901 -  908.
Roelants, M., Delecluse, C., Goris, M., & Verschueren, S. (2004a). Effects of 24 weeks of 
whole body vibration training on body composition and muscle strength in 
untrained females. International Journal of Sports Medicine, 25(1), 1 -5 .
Rosenhall, U., & Rubin, W. (1975). Degenerative changes in the human vestibular 
sensory epithelia. Acta Otolaryngologica Supplementum, 79, 67- 80.
Runge, M., Rehfeld, G., & Resnicek, E. (2000). Balance training and exercise in geriatric 
patients. Journal of Musculoskeletal and Neuronal Interactions, 1, 61 -  65.
Russo, C. R., Laurentani, F., Bandinelli, S., Bartali, B., Cavazzini, C., Guralnik, J., & Ferrucci, 
L. (2003). High-frequency vibration training increases muscle power in 
postmenopausal women. Archives of Physical and Medical Rehabilitation, 84,
1854 -1858.
71
Schaubert, K. L., & Bohannon, R. W. (2005). Reliability and validity of three strength 
measures obtained from community-dwelling elderly persons. Journal of 
Strength and Conditioning Research, 19, 111 -  720.
Seguin, R., & Nelson, M. E. (2003). The benefits of strength training for older adults. 
American Journal of Preventive Medicine, 25(3Sii), 141 -  149.
Serrador, J. M., Lipsitz, L. A., Gopalakrishnan, G. S., Black, F. O., & Wood, S. J. (2009). Loss 
of otolith function with age is associated with increased postural sway measures. 
Neuroscience Letters, 465,10 -1 5 .
Sherrington, C., Whitney, J. C., Lord, S. R., Herbert, R. D., Cumming, R. G., & Close, J. T. 
(2008). Effective exercise for the prevention of falls: A systematic review and 
meta-analysis. Journal of the American Geriatrics Society, 56, 2234 -  2243. doi: 
10.1111/j. 1532-5415.2008.02014.x
Shumway-Cook, A., Baldwin, M., Polissar, N. L., &. Gruber, W. (1997). Predicting the
probability for falls in community-dwelling older adults. Physical Therapy, 77, 812 
-819.
Shumway-Cook, A., & Woollacott, M. H. (2001). Motor control: Theory and practical 
applications, second edition. Philadelphia : Lippincott Williams & Wilkins.
Simoneau, G. G., Leibowitz, H. W., Ulbrecht, J. S., Tyrrell, R. A., &. Cavanagh, P. R. (1992).
The effects of visual factors and head orientation on postural steadiness in
72
women 55 to 70 years of age. Journal of Gerontology: Medical Sciences, 47(5), 
M151-158.
Soiza, R. L. (2010). Optimising whole body vibration training for use in older people 
[Letters to the Editor]. Age and Ageing, 3 9 ,141.
Sousa, N., & Sampaio, J. (2005). Effects of strength training on the performance of the 
Functional Reach Test and the Timed Get-Up-and-Go Test in an elderly 
population from the rural north of Portugal. American Journal of Human Biology, 
17(6), 746-751.
Suzuki, M., Ohyama, N., Yamada, K., & Kanamori, M. (2002). The relationship between 
fear of falling, activities of daily living and quality of life among elderly 
individuals. Nursing and Health Sciences, 4 ,155 -161.
Taggart, H. M. (2002). Effects of tai chi exercise on balance, functional mobility, and fear 
of falling among older women. Applied Nursing Research, 15(4), 235 -  242.
Talley, K. M., Wyman, J. F., & Gross, C. R. (2008). Psychometric properties of the
Activities-specific Balance Confidence scale and the survey of activities and fear 
of falling in older women. Journal of the American Geriatrics Society, 56, 328 -  
333. doi: 10.1111/j.l532-5415.2007.01550.x
Teasdale, N., Lajoie, Y., Bard, C., Fleury, M., & Courtemanche, R. (1993). Cognitive
processes involved for maintaining postural stability while standing and walking.
73
In G. E. Stelmach and V. Homberg (Eds.), Sensorimotor impairment in the elderly 
(pp. 157 -168). Netherlands: Kluwer Academic Publishers.
Tinetti, M. E. (1986) Performance-oriented assessment of mobility problems in elderly 
patients. Journal of the American Geriatrics Society, 34, 119 -126.
Tinetti, M. E., & Kumar, C. (2010). The patient who falls: "It's always a trade-off". JAMA, 
303(3), 258 -  266.
Tinetti, M. E., Baker, D. I., McAvay, G., Claus, E. B., Garrett, P., Gottschalk, M .,... Horwitz, 
R. I. (1994). A multifactorial intervention to reduce the risk of falling among 
elderly people living in the community. The New England Journal of Medicine, 
334, 821-827.
Topolski, T. D., LoGerfo, J., Patrick, D. L., Williams, B., Walwick, J., & Patrick, M. B. (2006). 
The Rapid Assessment of Physical Activity (RAPA) among older adults. Preventing 
Chronic Disease, 3(4), 1 -8 .  Retrieved from: 
http://www.cdc.gov/pcd/issues/2006/oct/06_0001
Verschueren, S. M., Roelants, M., Delecluse, C., Swinnen, S., Vanderschueren, D., & 
Boonen, S. (2004). Effect of 6-month whole body vibration training on hip 
density, muscle strength, and postural control in postmenopausal women: A 
randomized controlled pilot study. Journal of Bone and Mineral Research, 19(3),
352-359.
74
von Stengler, S., Kemmler, W., Engelke, K., & Kalendar, W. A. (2010). Effect of whole- 
body vibration on neuromuscular performance and body composition for 
females 65 years and older: A randomized-controlled trial. Scandinavian Journal 
of Medicine and Science in Sports. Advance online publication, doi:
10.1111/j. 1600-0838.2010.01126.x
WAVE Manufacturing Incorporated (2009). Windsor, Canada.
Ware, J. E., &. Sherbourne, C. D. (1992). The MOS 36-item Short-Form Healthy Survey (SF 
-  36): I. Conceptual framework and item selection. Medical Care, 30, 473 -  483.
Widmaier, E. P., Raff, H., 8i Strang, K. T. (2004). Human physiology: The mechanisms of 
body function, 9th edition. New York: McGraw -  Hill.
Woollacott, M. (2007j. Balance, posture and gait in the encyclopedia of gerontology 
(second edition). Amsterdam, The Netherlands: Elsevier.
Zijlstra, G. A., van Haastregt, J. C., van Rossum, E., van Eijk, J. T., Yardley, L., & Kempen,
G. I. (2007). Interventions to reduce fear of falling in community-living older 
people: A systematic review. Journal of the American Geriatrics Society, 55, 603 -  
615. doi: 10.1111/j. 1532-5415.2007.01148.x
75
Appendix A
The Rapid Assessment of Physical Activity tool (RAPA; Topolskl et a!., 2006)
Rapid Assessm ent of Physical Activity
Physical Activities are activities where you move and increase your heart 
rate above its resting rate, whether you do them for pleasure work, or 
transportation.
The following questions ask about the amount and intensity of physical 
activity you usually do. The intensity of the activity is related to the amount 
of energy you use to do these activities.
Exam ples of physical activity intensity levels:
Light activities 
. your heart beats slightly 
faster than normal 
• you can talk and sing
J r  | ?  f ,
.!■  %  M
Walking .»trwtch ng Vacuuming or 
Leisurely Light Yard Work
Moderate activities
• your heart beats faster 
than normal
• you can talk but not 
sing
*  £
'W  J S J - ; . -  \
Aerobics
Fast class Strength Swimming 
Walking Training Gently
Vigorous activities 
• your head rate 
increases a lot
. you can t talk or your 
talking is broken up by 
large breaths
J L  m  < 4  1
i  T
joeging T#oni‘  R*cque»ba«. 




To »cere, ckocse the qvenor w in the n igh «: score with *r affm utve raspers* Any rwmber :« s  
than S is  scbopamaf.
For scom g or summarizing categories ly
Score as secenarv:
1 I rarely c’  never do any p y sicsl acbvtes 
Score as inder-acw e:
2. I oo some light or moderate pnyskal activities, d-jt not every wee*.
Score as under-acdve *6X 3 ’ -  Ugh: act «lies:
3. I co seme igr-t physca actvity every week 
Score as unogr-scrivc reau ir:
4 I co moderate physical aettv't« every wee*, bu: less than 30 minutes a day or 5 days a week
5 I cc vigorous ohysca acitvis«  every w m k. but res* thar 20 minutes a day or 3 cays a week. 
Score as ache:
6. I co 33 minutes cr more a day of macerate physoai activities, 5 or more days a week
7. I oo 23 minutes cr more a day of vigorous physical actrvit« , 3 cr more days a week. *I
RAPA 2: Strength & Flexibility
I do acftvtes to increase mu sole strength such as i ftng weights or cai stnenes one* a week or
more. (1)
I do activtes to improve *exiS*ty such as sm s-vag or yoga, once a week or more. (2)
Both. <3i 
None JO;
HOW physically active are y o u ? (Check one answer on each line)
Does this accurately 
describe you?





1 do some light or moderate physical activities, but not Yes No
every week □ G
Yes No
1 do some light physical activity every week.
G G
1 do moderate physical activities every week but less Yes No
than 30 minutes a day or 5 days a week. G □
1 do vigorous physical activities every week, but less Yes No
than 20 minutes a day or 3 days a week. G G
1 do 30 minutes or more a day of moderate physical Yes No
activities. 5 or more days a week. G O
1 do 20 minutes or more a day of vigorous physical Yes No
activities. 3 or more days a week. G 0
I 1 do activities to increase muscle strength, such as Yes No
I r lifting weights or calisthenics, once a week or more. G □
* 1 do activities to improve flexibility, such as stretching Yes No
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COP sway parameter descriptions (Doyle et al., 2007; Prieto et al., 1996)
Appendix D
Parameter Description
Mean ML COP (mm) Mean of COP in ML direction (Prieto 
et al., 1996)
Mean AP COP (mm) Mean of COP in AP direction (Prieto et 
al., 1996)
ML sway variability (mm) Standard deviation of the COP in the 
ML direction (Doyle et al., 2007)
AP sway variability (mm) Standard deviation of the COP in the 
AP direction (Doyle et al., 2007)
ML Sway Range (mm) Difference between the smallest and 
the largest value in the ML direction 
(Prieto et al., 1996)
AP Sway Range (mm) Difference between the smallest and 
the largest value in the AP direction 
(Prieto et al., 1996)
Sway Velocity (mm/s) Average velocity of COP (total 
distance traveled divided by time of 
the trial) (Doyle et al., 2007)
Radius enclosing 90% (m) Circle enclosing 90% of the distances 








Sensory System(s) Not Altered
1: EO, NN,NoF None All
2: EO, NN, F Somatosensory Visual
Vestibular
3: EO, NE, NoF Vestibular Visual
Somatosensory
4: EO, NE, F Somatosensory
Vestibular
Visual
5: EC, NN, NoF Visual Somatosensory
Vestibular
6: EC, NE, NoF Visual
Vestibular
Somatosensory
7: EC, NN, F Visual
Somatosensory
Vestibular
8: EC, NE, F All None
*EC = Eyes Closed; E0= Eyes Open; NE= Neck Extended; NN=Neck Neutral; F=Foam on 
force plate; NoF=No foam on force plate
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The Activity-specific Balance Confidence Scale (ABC; Powell & Myers, 1995)
The Activities-specific Balance Confidence (ABC) Scale
For each of the following activities, p lease indicate your level of self-confidence by 
choosing a corresponding number from the following rating scale:
0%  10 20 30 40 50 60 70 80 90 100%
No Completely
Confidence Confident
"How confident are you that you can maintain your balance and remain steady when 
you....
1  walk around the house?_____ %
2. walk up or down stairs?_____ %
3. bend over and pick up a slipper from the front of a closet floor?_____ %
4. reach for a small can off a shelf at eye level?_____ %
5. stand on your tip toes and reach for something above your head?____ %
6. stand on a chair and reach for something?_____ %
7. sweep the floor?_____ %
8. walk outside the house to a car parked in the driveway?_____ %
9. get into or out of a car?_____ %
10. walk across a parking lot to the mall?_____ %
11. walk up or down a ramp9_____ %
12. walk in a crowded mall where people rapidly walk past you?_____ %
13. are bumped into by people as you walk through the mall?_____ %
14. step onto or off of an escalator while holding onto a railing?_____ %
15. step onto or off an escalator while holding onto parcels such that you cannot hold onto the
railing?_____ %
Appendix FI
16 . walk outside on icy sidewalks?_____ %
Appendix F2
The Medical Outcome Survey Short-form 36 (SF-36; RAND Corporation, 2009)
S F S 6  QUESTIONNAIRE
(19$: -  Meixal Otcsoh Tr« 0
Patent N u n :__________________________ Data:_______________
1. Id ganaal. wo-dd you a y  your isialth »• (eircla on*}
Exceitae* V «y  good Good F»a Poor 
- Connated tc cue v«ar t.tc atm would you: «  youa health id general new'’ (cud* cue: 
Much better asm dun on* year age 
Somewhat better bow thar. co* year 
About the ram* a ; oa* you ago 
Somewhat wmse that, cue v*a> ago.
Much wort* ~r.i, l cue yea: ago.
? l i a  following item-, si* about activities you might do dona; a typed day Doe; your bea hi. 
now hurt y ou in these actsvities* If ic, how much? (Mad each arguer with au X)










1 Mgwoei acuuUti, act is ruxag Ltis: deny oteecii. pain^acig e
;  Uod««tr KintUev raefc tiranwg r ubi*. ¡Ksbcri i  «casachase.
c Lifis: oc cktstl* poienn
1 Cimfeag x m l  Sgfas of «an
* Clacbt» eue tipnoi !Tsn
f Besing kse+nj er uoepeer
1 Uikag Beri tee a mb
a. Wa&ag Mverd Mock;
1 M alaga* Mock
). 3aOci{ cr nei tei; yowielf
4 During die past 4 week; have you had any of the following problem; with yo u  »o ik  or etnei 
tegular daily activée ; r .  a H3Ufc of y e a  ¿ p i a l  heaitl/* ¡7-Lui each au ;war with as X?
YES NO
a Cs« doux « t e a m » «  al tmeyoiiigecroo «nié or other attivi**
b. Accomplished less te c  vtrs wc.il«; tie
c VI ets tested fa tie ta d  e  waA or ostar accssßH
4  Kid difficulty perfenmeg fa* wort. k  otic  actrnoei (Sr esempi*. u oak essa «Sani
5 During che pas: 4 week;, have you had any o f die following problem; with you* work or other 
regnisi daily acm-sBes a ; a  remit of any emotional problem; (such t  feel in ; depressed or 
anxious}" ‘Mark each answer wiîh an X)
5 During the past 4 week:, to what ruent ha; yw a p ayera i health or emocsoal problem; 
interfered uritii your sonnai social act;viti*; with family tnendy neighbor; 01 group;* 
^circle one}
Not at all Slightly Moderately Quote a bit Extremely
7. How natch bodth- paia iu te  yeti had during the cast 4 week;" (racle caie}
Non* Very' mild MJd Moderate Setter* Veey severe
S. During die non 4 w—k: hew much did pars interfere with vow normal work .'including both 
work outside the home and housewoek)?
N otatali A little bit Moderately Quite a bit Extremely
9. Theie c/uestioa. are shout how you feel and hew thing: have been with you during aw cast 4 
week; For each quest:«, please gr.e in# one answer tha* come; closest to àia way you hate 














* Did you fcti fail efpef"
b. Hsse you bees a very m u x
t Kite van tóse-doux a  ò*
d.icpi fact EOÉatg cams -tec
d. Have you ifct cats aid peaceful*
* Did you Save a lot a: «caigy'
t  Have vo.. fail imzhaomd mä 
blue'
î  lie  vet; fasi »tut our"
b Have you beet a happy penta'
l. Dsiyws liti n e f
1C Dariag tie paw 4 weeks, bow nasci of the tune ha; your physical health or «neurosi 
nrnh e.ii- inieifcred with vein social actisitie; (Eke visits^ with fiieasi. telatile;, etc.!? 
(racle one)
All of i *  time Most of the tune Some of the time A little of" tbe tune Neue of the tune







a I seta to gKs^i aiti*  omet umofae:
9. lata as heihhv ss aerteds Imo*
:  i  esgeci en- basili K ft< want
1 .V> beali) s  euct-ec
Appendix F3
The Berg Balance Scale (Berg, Wood-Dauphinee, Williams & Gayton, 1989)
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Letter of Information presented to study participants at Time 1
The Effects of Whole Body Vibration on Balance Confidence end 
Health-Related Quality of Life in Healthy Older Adults
LETTER OF IN FO R M ATIO N
Introduction
My same :s Lyndsay Fossey and 1 am Masters student at theFaciihy 
H £ ^rh S c* nces at The University of Western Omar to. My supervisor, Dr. 
AainSahnoiu, and ! a n  currentlyconductingresearchm e vibration. 
balance, strength and balance confidence and would Ska so invite you to 
participatem th* study. Dr. Alan Sahnon/s contact information s  as 
extS2-54t or asahnons©iiwo.ca.
Purpose of the study
The asms of ths study are to see if »nose body vibration tracing has any 
effect on Imbalance and tower body strength and 2}tsgl^,c;g. confidence and 
health-related quality of Me.
If you agree to participate
Aptrexm atey 2© part ««pants w ill be divided random^ (i.e. See the fapof a 
com) mo two groups (vibration itasnsng group or a control group).
iris import»/! rebar you are nor currently caking parr in »prescribed  
exercise routine Parti cipad on in this study is not recommended if 
you have any of the following conditions. UnconirolJed diaberee. 
epi'epsy. galI atones, kidney scones, acute inflammations, jo int  
problems, cardiovascular diseases, jo in t implants, recent thrombosis 
back problems such as hernia, tumours, recent operative wounds, 
intense migraines, neuromuscular or neuro degenerative diseases, 
strokes, or had a recen r bypass or seen r. J r is strongly recommen ded 
to seek medical clearance before starting any exercise program.
Vibration Tramrng Group:
You w i  pe  asked to attend vibm m  framing seasons three t imes per week 
for S weeks at the Heekfcy Ageing Centre located m Mall {301
Oxford Street West London. O N } or t he Canadian Cents* for AetwSy and 
Aging (T4SC Richmond Street, London. O N ). A  vibratos framing session
i
T h e  risk involved mlhss study 'ts the possibility of m uscie  fatigue or 
so reness. W hole-body vibration is a m ethod o f skeletal m uscle  training 
■which m ay ca use  Similar m use « f a t ig u e  or soreness to  that o f a standard 
w eight lifting session.
Voluntary Participation
Participation m this study ts voluntary. Y o u  m ay refuse to  participate, refuse 
to answ er any questions o r withdraw from  the study at any time.
Questions
If you have  any questions about the co nd u ct of this study or yo ur rights as 
a  research participant you m ay contact the M anager, O ffice of Research 
E îh c s . ( j l^ U iK v e rs îîy  of W estern  Ontario a i 51S-&61-303Ô or 
eih to s ^ u v io .c a . u dy, p e a s e  contact
-•n s«-.. o ' H H H H H H o r D r. A  Salmon: at
T h s  letter is yours to  keep for f  uture reference.
consists of standing on a vibrating pisiform with and chair rises while 
ho&atg on to the handrails fora maximum of 15 minutes (there w ilbe  
intermittent rest sessions off the platform of 30 -  €0 seconds).
Control Group;
If you are selected forth« control condiion, you w in e s  be required to take 
part in the vibration training. During your partopatk» ?n this study, s m *isc 
important to not start an exercise program {i.e. weigh: sifting. aerobes. 
walking program, etc.}.
Both vibration and control groups w il be asked to co m p e te« questsortnahe 
regard ing balance confidence and health-related quality of life (which: w i  
take approximately 30 msnutas-at t he beg in ning and end of the study at 
^trj 2125 at the Biomechanics Lab. Tha mes Hall. University of Western 
Ontario {London ON] There is parking available at the Weldon Visitor 
Parking Lot. Participants will be reimbursed for parking or tax* fare. Both 
groups w i  be askeo to participate m several balance measurements 
(postural sway on a force plate sn eight conditions -eyes ope^csosed. 
standing on foam with eye* open-'etosed, standing with neck extended with 
eyes cpssycfesed. standing wish neck extended on foam with eyes 
open,‘closed). Tnese m easure w ilt take approximate^ 60 minutes to 
measure. To  ensure participant safety, there w i s e  spotters on both sides 
of the part« spam ..Muscular strength w i  be measured by perform ing a chair 
hsetest Testing sessions before and after the vibration trammg will take 
approximately 1.5 hours total for each time
Confidentiality
The informal«® collected wsl be usee for research purposes on%, and 
neither your name nor information which could identify you w i  be used m 
any publicai on or presentation of the study results. All information 
collected for the study wW be kept confidential. Alii data w i  be stored on a 
password-protected., encryptedflieon a co m puter« the Aging & 
Ergonomics Laboratory. Participant confidentiality w i  be protected by 
assigning a subject number (i.e. S C I). Once data «  complete, any files 
containing personal information w i  be destroyed. Only data with subject 
numbers will be retained. If yea wish to receive results of this study, please 
provdeyouir contact information on a separate piece of paper
Representatives of the University of Western Oman© Heabh Sciences 
Research Ethos Board may contact you or require access to your study -  
related records to monitor the conduct of the research.
Risks & Benefits
Benefits from panicipaf mg m dm study may tnckde improved balance and 
strength and baance confidence, which may lead tea decrease m fall risk.
-VTtdsay Ftfsey. 5A (HoR), CXMS: Siam,
D&stzvm. d  rtssît & Saraeinaton Sdercas ^■aartn & Aging)
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Appendix H
Demographic questionnaire completed at Time 1 by participants
DEMOGRAPHIC QUESTIONNAIRE (to be completed by the participant or researcher). 
All of your answers will be kept CONFIDENTIAL.
PARTICIPANT CODE # _______
1. How old are you?_______years
2. Are you (circle one): MALE FEMALE






4. What is your marital status (circle one)?
Single Married Widower/Widowed Common Law
5. What is your yearly income (circle one)?
<$10,000 $10,000 - $25,000 $26,000 - $50,000
$51,000 - $75,000 $>75,000
6. Please indicate your education level (circle one):
Less than high school
High school diploma 
College diploma/certificate 
Undergraduate university degree 
Graduate university degree (Masters/Ph.D.)
7. Do you have any diagnosed medical conditions? If yes, please list:
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Appendix I
Whole-body vibration (WBV) training program design for adults 60 years of age and older
Week Day # of sets 
on WBV
Exercise Hz Amp Time Rest Total Time (mins)
1 1 6 SWLB 35 1 60s 60s 12
2 7 35 1 60s 60s 14
3 8 35 1 60s 60s 16
2 1 9 35 1 60s 60s 18
2 9 35 1 60s 60s 18
3 9 35 1 60s 60s 18
3 1 10 1 40 1 60s 60s 20
2 10 40 1 60s 60s 20
3 10 40 1 60s 60s 20
4 1 11 40 2 60s 45s 19.25
2 11 40 2 60s 45s 19.25
3 11 40 2 60s 45s 19.25
5 1 11 SWLB + 45 1 60s 45s 19.25
DSE
2 11 45 1 60s 45s 19.25
3 11 45 1 60s 45s 19.25
6 1 11 45 1 60s 30s 16.5
2 11 45 1 60s 30s 16.5
3 11 45 1 60s 30s 16.5
7 1 11 45 2 60s 30s 16.5
2 11 45 2 60s 30s 16.5
3 11 45 2 60s 30s 16.5
8 1 11 45 2 60s 30s 16.5
2 11 i 45 2 60s 30s 16.5
3 11 45 2 60s 30s 16.5
Note. # of sets= Number of times on the vibration platform; Exercise=Exercises performed on vibration platform­
standing with legs bent (SWLB), and Dynamic Squat Exercises every other set (DSE); Hz=Vibration frequency (Hertz); 
Amp= Vibration amplitude (millimetres); Time:=Time of each set (seconds); Rest=time allocated for no vibration 
(seconds); Total Time= Total time of IG session (minutes).
8 6
The Rating of Perceived Exertion Scale (RPE CR-10; Borg, 1990).
Appendix J
Ratio Perceived Exertion Rating
0 Nothing at all
1 Very weak
2 Weak (light exertion)
3 Moderate
4





10 Extremely Strong (almost maximal 
exertion)
